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INTRODUCTION. 


RIVETED joints occur in many types of construction, and it 
is therefore of considerable practical importance to determine the 
exact manner in which they act, in order that a rational basis may 
be given for their design. The subject has attracted the atten- 
tion of many experimenters, their investigations being mainly 
directed to a determination of the resistance of joints to rupture 
and of the frictional resistance to slip.’ Attempts have also been 
made to determine the tension in the body of a rivet due to its con- 
traction on cooling,” and Frémont has made an exhaustive study 
of the actual process of riveting and its effects upon the strength 
of the joint.* None of these experiments, however, have indi- 
cated very clearly the action of a riveted joint under working 
loads; i.e., before permanent deformations of the plates or rivets 
have occurred. Very few attempts have been made either ex- 


* Communicated by the author. 

*A short bibliography of the subject up to the year 1909 is given in a 
paper by A. N. Talbot and H. F. Moore—“ Tests of Nickel-steel Riveted 
Joints.” University of Illinois Bulletin, No. 49. See also Preuss, Zeit. Ver. 
Deut. Ing., 1912, p. 404, and C. Bach and R. Baumann, /bid., p. 1890. 


?R. Baumann. 


*Etude Expérimentale du Rivetage, Paris, 1906. 


(Note.—The Franklin Institute is not responsible for the statements and opinions advanced 
by contributors to the JOURNAL.] 
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perimentally to determine or theoretically to estimate the partition 
of the load among the rivets under working conditions. It is 
usually assumed, in designing a riveted joint, that the load is 
equally divided among the rivets. That this cannot be true in 
joints as usually designed has been generally recognized by 
writers on bridge design,* and illustrated by experiments on the 
distortion of lath and india-rubber models.°® 

The writer's attention was first directed to the subject by the 
results of a few readings taken with a Howard gauge on the 
cover plates of a large riveted splice tested by Prof. H. M. 
Mackay, of McGill University, for the Quebec Bridge Commis- 
sion. ‘These appeared to indicate that the rivets in the end rows 
received by far the greater portion of the load, and suggested to 
the writer that the actual partition of the load in any joint could 
be determined by extensometer measurements on the cover plates 
of the joint. It was first necessary to determine whether or not 
the strains of the outer surfaces of the cover plates could be used 
to obtain the mean strains in the cover plates. This was shown 
to be the case by the experiment given in Part II, $2 of the present 
paper, and experiments were commenced upon a series of butt 
joints having a single line of rivets. While making these experi- 
ments it occurred to the writer that the results might be inter- 
preted and the partition of load worked out theoretically by 
means of the Principle of Least Work. This proved to be so, 
and further experiments verified the theory in every particular. 

The present paper is divided into two parts. Part I shows 
how, by means of the Principle of Least Work, a series of equa- 
tions may be obtained, giving the load carried by each rivet in 
any form of riveted joint in terms of a quantity K, which, if the 
rivets are in shear, depends upon the manner in which work is 
stored in the rivets; or, if they act by frictional hold on the plates, 
depends upon the work stored in the parts of the plates thus held. 
Part II gives the results of a series of experiments upon different 
forms of joints having a single line of rivets and loaded in ten- 
sion, which confirm and illustrate the theory and show how the 
quantity K may be determined. 


*See, for example, Burr, “ Elasticity and Resistance of the Materials of 
Engineering,” p. 700; Johnson, Bryan and Turncaure, “ Framed Structures, 
part iii; Shaper, Eiserne Briicken. 

*C. R. Young, Trans. Can. Soc. C. Eng., 1906, part ii, p. 257. 
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It is felt that much of the usefulness of the theory given 
depends upon whether the rivets in a joint are in shear or whether 
they act by holding the plates together by friction. The later 
experiments on the slip ® of rivets seem to show that at working 
loads the latter is the case, and the results of the experiments 
described in the present paper seem to bear this out. The writer 
has in hand experiments which he hopes will give definite in- 
formation on the subject. 


Note.—In all that follows, a row of rivets means a number of rivets 
arranged in a straight line perpendicular to the axis of load; and a line of 
rivets means a number of rivets arranged in a straight line parallel to the 
axis of load. 

PART I.—THEORETICAL. 


$1. General Method of Analysis. 


A riveted joint may be considered as a statically indeterminate 
system in which, under the action of external forces, work is 
stored in the plates and the rivets. It follows, from the Principle 
of Least Work, that the stresses will be distributed in the different 
parts of the system in such a way that the elastic work stored is 
aminimum. In any actual riveted joint the distribution of stress 
in the plates is more or less complicated,’ but a close approxima- 
tion to the forces taken by the rivets may be obtained by assuming 
the stress to be uniform between any two rows of rivets. The 
modifying effect of a variable distribution will be considered 
later ($3). The work stored in the rivets themselves, if they are 
in shear, or in the parts of the plates immediately surrounding the 
rivets, if the latter act by holding the plates together, may be 
taken as kX* where X is the load on the rivet and k is a constant, 
no assumption being made as to the manner in which this work 
is stored. On the above basis a series of equations may be ob- 
tained for any given joint, giving the load taken by each rivet in 
terms of k. 


§2. The Double-cover Butt Joint with a Single Line of Rivets. 
The simplest case is that of a double-cover butt joint having 
covers and plates of uniform width, the two cover plates having 


* See Preuss, loc. cit. 
"See a paper by Prof. E. G. Coker, Trans. Inst. Naval Arch. (England), 
1913. 
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each the same area of cross-section, and the connection being 
made by a single line of rivets of uniform diameter and pitch 
(Fig. 1). 


Fic. 1. 


[ —& 
F<—) , XL F-X, | X|F-X.-x] XIE-X-X-X) XK] OF 2x x 
2 K = nN ___ 
WY 4) 7x Q% +x gx)\7- % 
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Let a, represent the cross-sectional area of the middle plate, 
a. represent the cross-sectional area of each cover plate, 
l represent the pitch of the rivets, 
n represent the number of rivets on each side of the junction 
of the main plates, 
F represent the load, tensile or compressive, carried by the joint, 
and X; represent the load carried by the 1st rivet, X., that carried by the 
second rivet, etc. 
Then between the first and second rivets the load carried by 


the main plate is F — X,, and the load carried by each cover plate 


is at ; between the second and third rivets the load carried by the 
main plate is F — X, — Xq, and by each cover plate is mts - and 
between the (n—1) and n™ rivet the load carried by the main 
n-tI 
os - 2X ew 
plate is F — =X and by each cover plate is “; , where =X = X, 
I I 
2 
SS ere ee Xn-:. The distribution of the load for five 
rivets is shown in Fig. 1, which represents one-half of the joint. 
Now assuming that the stress in any portion of a plate between 
two rivets is uniformly distributed (see $1), the work stored in 
this portion, if the load carried by it is P, is pied where a is the 
cross-sectional area, / the pitch of the rivets,’ and E is Young’s 
Modulus for the material of the plate. It will be assumed that £ 
is the same for both cover and middle plates.? The work stored 
in the rivets will be assumed to be of the form kX*, as described 
above. 


*] should really be taken a little less than the pitch of the rivets in order to 
allow for the portion of the plate cut away for the rivet hole. 
*See § 3. 


. 
4 
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Then, if W represents the total work stored in one-half of the 
joint, 


2EW = : [(F—X1)?+(F—Xi—X2)?+(F —Xi—X2—Xy)"'+..... +(F--ZX)*] 
Pp 
al} (X:1\"  (Xi+Xe\*, (Xit+-X1+-Xs\' =Xx\? 
ol E(B Settee 4 ( 
+h[XP+XP4+XF+........ Ey: * Edie ciescds covanhals (1) 
where DX =X, 4- Xt Xst+........ +X n-1. 


In accordance with the Principle of Least Work, the forces 
X,,X», etc., in the above will take the values which will make lV 
a minimum. 


Thus 
aX — —_ aa 
aw al : : ; 
But Nuala g, (OF -X1) +(F—X1—X2) + ie eee +(F-ZX)] 
} ow 
+ —[Xit(Xit-Xs)+......-. +2X] 
ce 


+ 2k[X,—(F-=X)]. 


Thus, equating this to zero and dividing through by va HS 


[om—n(1 +%) + Wre|xi+|m—2)(1 oe 200) 4 ne X: 


ap 
2a, 2ka.] ., 2d, , 2ka- 
fe, 5 SEE +]( 1+ }+ = Xn-i =| (n—1) aa F, 
ay ap l 
Writing C=1+ — and K= _e » and taking F=1 for 
Pp 


convenience, 
[(m—1)C+2K]Xi+](n—2)C+K]Xat+...... +[C+K]X pa=(n—1)C+K 


Differentiation with respect to a; X, etc., leads to the 
equations 


[(n—2)C+K]X.+[(n—2)C+2K]X2+[(n—3)C+K]Xat........ +[C+K]Xn- 
=(n—2)C+K, 
[(n—3)C+K] Xi+ [(n—3) CHK ]X2+[(n—3)C+2K]Xst....... +[C+K]X,-, 


= (n —3)C+K, 


[C+K]Xi+[C+K]X24+[C+K]Kst+...... +[C+2K]Xni=C+K. 


en 
pee 2 Pied . 


3 en ee ye 
28% MOE one a 


SSP City LAE 


= to RRA OS a a 


Cyrit BATHO. [J.F.1. 


Thus a set of (n—1) linear simultaneous equations has been 
established, from which X,,X, ... Xn-, may be found, while 
Xn=1— XX. For the sake of brevity in what follows, the 
above and all similar equations will be written in the abbreviated 
form 
| (n—1)C+2K | (n— (n—3)C+ K C+ K\ (n—1)C4K 


2)¢ 
(n—2)C+ K (n=—2)C r (n—3)C+ K | C+ K | (n—2)C+K 
3)C Cc yr; (n—3)C+K | (2) 


. 


(n—3)C+2K\.... 
CHE 


It will be noticed that the quantities C and K in the above 
have no dimensions, but are simply numbers. C is determined 
from the ratio of thickness of cover plate to thickness of main 
plate. Thus, if each of the cover plates has half the thickness of 
the middle plate C = 2, if each cover plate is of the same thickness 
as the middle plate C = 3, etc. K must be determined by experi- 
ment in the absence of an exact theoretical estimate of the work 
stored in a rivet carrying a given load. This matter will be dis- 
cussed later. 

It would serve no useful purpose to give a general solution of 
the above equations for any number of rivets, as the equations 
may be solved easily for any particular case and the results are 
similar in form, whatever m may be. In the experiments described 
later the number of rivets on each side of the junction was usu- 
ally five, so that the solution for n= 5 will be considered in detail. 

In this case equations (2) reduce to 

4C+2K |3C+ K 2C+ K/|\C+ K}\ 4(C-—1)+K 
3C+ Ki 3C+2K \2C+ K | C+ Ks 3(C—-1)+K 


2C+ K\2C+ K 2C+2K C+ K |} 2(C-1)+K 
C+ K C+ K| C+ K C+2K)}) (C—1)+K 


Subtracting the second equation from the first, and the third 
from the second, 
KX2=(C+K)X,—(C—1) 
KX3=CX,+(C+HX2—(C—1) 
Eliminating X, from the third and fourth equations and sub- 
stttuting X, and X, from the above, 


X= K*+(C—1)10K* +(C?—C)15K?+(C?—C*)7K +(C*—C*) 
5K*+20CK*+21C?K?+8C*K +C* 
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This expression may be used to find X, for any particular values 
of CandK. X, and X, may then be determined from equations 
(4) and (5), Xq4 from the last equation of (3), and 
A,g=1-2X. 

It may readily be seen from equation (6) that the assumption 
ordinarily made in designing riveted joints, t.e., that all the rivets 
take an equal proportion of the load, would only be true if A= © 
in which case X, = X,=X,=X,=X,= %. But this would mean 
that the rivets were quite flexible and offered no resistance to dis- 
tortion, which would be a practical impossibility. Thus, in any 
joint of the type considered in this section, the load must be un- 
equally distributed among the rivets. 

lf the rivets were absolutely rigid, i.c., suffered no distortion 
when the joint was loaded, K would be equal to zero and 
C-1, 


X “Ge 


. . r r r I rt > 
while X,=X,=X, =oand X ,= ¢ Thus the first and last 
rivets would carry all the load. 

If C were equal to 2, 7.e., if the cover plates were of the cor- 


rect thickness, each one-half of the thickness of the main plate, 
these rivets would each take one-half of the load; if the covers 
were each equal in thickness to the main plate, the first rivet would 
carry two-thirds of the load and the last one-third; and if the 
covers were only one-quarter the thickness of the main plate, the 
first rivet would carry one-third of the load and the last two- 
thirds. 

Actually the rivets are neither infinitely flexible nor infinitely 
rigid, but are elastic, and K has some finite value. Fig. 2 shows 
the value of X, for all values of K between o and 1.4 when there 
are five rivets. This curve will be used later in discussing the 
experimental results. The greater the value of K the more 
nearly uniform are the loads carried by the rivets, but, from the 
actual experimental values found from the specimens tested, it 
would appear that in most practical cases the two end rivets carry 
by far the greater part of the total load. The greatest experi- 
mental value of K was 1.30 for %-inch rivets at about one and a 
half times the working load. At the working load it was approxi- 
mately equal to unity. In order to simplify the present discus- 
sion this value will be taken in most of the illustrative cases. 

VoL. 182, No. 1091—40 
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The proportion of the load carried by each rivet when K = 1 is 
tabulated in Table I for three values of C, while Fig. 3 shows the 
results graphically. These three examples will serve to show the 


FIG. 2. 
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Curve connecting X: and K for five rivets. 
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general manner of distribution in most practical cases. In each 4 
case the end rivets take the greater part of the load, carrying 
0.695, 0.736, and 0.793 of the total load when C = 1.5, 2, and 3.0 
respectively. In no case does the middle rivet carry more than a 
very small fraction of the total load. It will be noticed that the dis- 
tribution is symmetrical when the cover plates are of the correct 
thickness, t.e., when C=2. This is so no matter what value K 
may have, and, by taking account of this, the equations may be 
simplified by putting X, = X,, thus reducing their number by one 
equation. When there is a large number of rivets, this shortens 
the solution considerably. For example, if 1 = 10, the number of 


Fic. 4. 


375 |\9368 |0367 |0:366 | 0-366 


{ 


2 3 4 5 6 7 8 A 
NUMBER OF RIVETS 4 


equations may be reduced from g to 6. When the thickness of 
each of the cover plates is more than one-half of the thickness 
of the main plate, the first rivet receives more than the last, as 
shown by the diagram for C=3. On the other hand, when C is 
less than 2 this condition is reversed, the last rivet receiving more 7. 


a 


than the first. 

Fig. 4 shows the proportion of the total load taken by the 
first rivet for C=2, K=1 for joints having 1-8 rivets on each 
side of the junction. It will be noticed that the curve becomes | 
practically horizontal when the number 5 is reached, so that no 
matter how many more rivets may be added, the two end rivets 
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get practically the same proportion of the total load as with five 
rivets. This means that as the number of rivets increases each 
of the other rivets receives a less and less proportion of the load, 
and those near to the middle of the joint are practically idle. 


> 


§3. Effect of Factors Neglected in the Above Analysts. 


(a) Effect of Non-uniform Distribution of Stress in the Plates. 


It was assumed, inestimating the work stored inthe plates, that 
the stress is distributed uniformly between any pair of rivets. A 
glance at Fig. 9, page 583, will show that this is not so, the stress 
varying from a minimum along the centre line of the rivets to 
a maximum at the edges of the plate. In addition to this varia- 
tion in the free portions of the plates between the rivets there must 
be considerable local variations of stress round the rivet holes." 
It will be necessary to consider the effect of this non-uniform 
distribution on the equations (2) given above. 

The effect will be equivalent to multiplying every term of the 


, Pi. bari ; 
form |; in the expression for the work stored, equation (1), 


by some coefficient a which will depend upon the manner of distri- 
bution of stress in the portion considered. If the variation of 
stress were the same in all portions of all the plates, 7.e., if a were 
the same for all the terms, it may easily be seen that the only 


effect of this would be to multiply AK by the coefficient =: If, 


however, a were different in different parts of the plates, as will 
usually be the case, the terms of equations (2) would be affected 
differently and there would be a modification of the distribution 
of load between the rivets. Fortunately the coefficient a cannot 
be very different from unity, as the following analysis will show. 

Suppose that the stress in a portion of the cover plate between 
two rivets varies uniformly from f, at the centre line to f, at the 
edges. This is not far from the actual manner of distribution 
as shown in Fig. 9, page 583. Let the length of the portion con- 
sidered be /, the breadth 2b, and the thickness ¢, ae being 2 bt 
fith 

2 


Then the mean stress in the plate is If this were uniformly 


” This variation has been examined for a more or less analogous case 
by E. G. Coker, using his polarized light method. See Trans. J. N. A.. 1913 
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distributed, as assumed in the analysis of §2, the work stored in 
the portion considered would be 


bil 
Wi=(fi+fe)? 4E 


The actual work stored, however, is 


b 
{nt 95" ot © 


b x f- 2E * dx. 


o 


bil ( ) 
_ 2 £,2+-f) fo + fo? 
3 : 1/2 - j 


The ratio 


"Wn 3 ith)? 


r 


Ws; 4. f? +fife+fr? -~ 44 1— f, fe l. 
34 (fitfe)? ) 


Now the maximum variation of stress observed in the expert- 


. f re 
ments was about 20 per cent.; 1.¢., 4 = ra For this variation 
Ji 


- \! or ¢ = 1.004 ; i.e., the work stored is about 0.4 per cent. 
greater than it would be if the stress were uniformly distributed. 
A longitudinal variation of stress of the same amount would give 
the same result. Thus no appreciable error is caused by neglect- 
ing this factor. The probably intense local variations of stress 
in the immediate neighborhood of the rivets are not easy to esti- 
mate, but they extend over a small area only and are probably 
similar in all the plates, so that they will be included in the experi- 
mental estimates of K, as will also be the error due to disregard- 
ing the parts of the plate cut away for the rivet holes in estimat- 
ing the volume of the plate between a pair of rivets. Neither of 
these is likely to have any great effect upon the value of K. 


r= 


(b) Effect of Unequal Partition of the Load Between the 
two Cover Plates. 


It was assumed, in the analysis of $2, that the cover plates 
each received one-half of the load transmitted to them by the 
rivets. This was not so in most of the experiments described 
in Part II. 
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Suppose that one cover plate takes 


of the load, then the 


I ° bs 
other takes ; — and equation (1) becomes 
AY 


2EW = —[(F-X,)'+...... ]+ - [X2+(Xit-X2)?+...... +(2X)?] 


ap 


+ SIU [X+ (Xt Xa). COX] +A [tA +... +(F-2X)? 


TABLE I. 


Xi 


Xs Xs Xs 


1% 0.235 0.086 0.068 0.151 0.460 
2 0.368 0.105 0.054 0.105 0.368 
3 


0.528 O.112 0.034 0.0061 0.205 


On differentiating this with respect to X,,X., etc., and form- 
ing the equations as before, it will be found that the equations take 
exactly the same form as in the last section if C be written for 


instead of for = +1, as in equations (2). 
Thus the effect of the non-equipartition of the load is equiva- 
lent to a change of C. 

Suppose, for example, that ; = 0.6, the cover plates being of 


the correct thickness for which C would be equal to 2 if the load 
were equally divided. Then 


C=2[0.5+1—1.2+0.72] 


= 2.04. 


If K =1, the effect of this change of C may be seen from the 
annexed table. The load taken by the first rivet is increased 
about 2.44 per cent., and the load taken by the last rivet is de- 
creased 1.36 per cent. 

In practical cases, owing to want of straightness of the plates, 
etc., it will often happen that s is not the same throughout. This 
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could be allowed for in a similar manner, but, of course, no gen- 
eral rule can be given. The effect is not likely to be great in any 
case, as may be seen from the above. It should, however, be 
allowed for in reducing experimental data to obtain exact values 
of K. 


TABLE II. 
Xa Xs 


2.00 0.368 0.105 0.054 0.105 0.368 
2.04 0.377 0.106 0.052 0.102 0.363 


(c) Effect of the Main Plate and Cover Plates Having Differ- 
ent Moduli of Elasticity. 


It often happens that the cover plates, being thinner than the 
main plates, have a greater modulus of elasticity. Let Ee be the 
modulus of the cover plates, Ep that of the main plate, and let 
the ratio z =r. It may be shown from equation (1) that the 
“p 


e . 4 ° ° ~ 2 2a 
effect of r being different from unity is to change C from 1+ = 

2 ma 
to 


For example, if Ee= 31x 10° pounds per square inch and 


. . ° I °° 
E,= 29x 10° pounds per square inch, r=3)° and, if the covers 


are each of half the thickness of the main plate, 


C=2.069. 
The effect is thus similar to that discussed in (0). 


Thus factors (6b) and (c) both tend to increase the load 
taken by the first rivet and decrease that taken by the last. 


$4. Joint in Which the Middle Plate is of Variable Width, as 
in the Connection of Members to a Gusset Plate. 


In this section an analysis will be made of a joint of the type 
shown in Fig. 6a, page 573, which consists of two similar plates 
of uniform width attached one on each side of a plate of variable 
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width. In such a connection there will be no bending of the 
plates if the load carried by each of the outer plates is the same. 

The analysis will be given for five rivets, but may readily be 
extended to any number. ‘The same assumptions will be made 
as in §2. 

Let de represent the cross-sectional areas of the outer plates, 
Q;,@9,d, and a, . . the cross-sectional areas of the gusset plate 
mid-way between rivets 1 and 2, between rivets 2 and 3, etc., 
respectively. Then, assuming uniform distribution of stress in 
the plates between each pair of rivets, the work stored in each 
Pl 
2a,E 
work stored in the middle plate will take a more complicated form 
because of the variable width. Consider the portion of the mid- 
dle plate between rivets 1 and 2. Then, if the load on this por- 
tion is P, 


outer plate between any pair of rivets is , as in $2, but the 


oe. 

~ (bi—ba)t “PB, 

where 6b, and b, are the widths of the plate at rivet 1 and rivet 2 

respectively and ¢ is its thickness. If the plate were of uniform 

bi +e 
> 


width, 


2P] 

EW,= 

. : (a+b) 
Thus the ratio 


W bith 
W, 2(bi—be) 


= loge % 


Thus the work stored in the portions of the middle plate may 
Pil Pil 
2a,E - 2a2E 


lated from equation (10). On substituting these values in the 
work equation (equation (1), § 2), the first term becomes 


be expressed as 7 ' etc., where 7 is a coefficient calcu- 


wren aa ip » Ns "4 - me 
[2 exo + 2 (F—X,—X2)?+ +% (r-Exy] 
a; a2 4 
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the other terms remaining as before. The method of §2 then 


leads to the equations 


4, 4» \ 4) r 47 ri 4), a 
4+2a-2—+2K 3+2a,.5—-+K 2+2a,.2-+K 1+2a-3—+K 2a-2—+K 
12 4a 34 4* 1@ ¥ 


4 


4 7) . 4) +7) » : 4) » J V) > : 
3+2a-2—+K 3+2a,2—+2K)| 2+2a,.2—-+K 1+2a,2—+K 2a,£{2—+K : 
>a 5a 34 4¢ 24 ; 
4 4, , 4, 4, q 
2+2a,2 : +K | 2+2a,.2—+K | 2+2a,5—+2K 1+20,3—+K | 2a,5-—-4+K : 
34 i 34 4¢ hs 
ese! £ 4) j 4 1) . 4 = PO ud 
1+2a,{2—+K | 1+2a,.2-—-+K | 1+2a,.2—+K 1+2a,.2—-+2K 24h +K z 
1 a 1 4 
4? ( 4 4! 4' | : 


where 


or writing 


47 
y =2+2a-h : 
i 


4» 
b=1+24-% — ‘ 
4 is 


the equations become 
a+K 8B ¥ 6 a—4 

B B+K to 6 eee . (11) } 

Y Y {7*e} 26 Saag es . 

5 5 6 |8+K 6-1 ' 


These equations are similar in form to those obtained in §2 
and the same method of solution may be used. An example is 
given in Part II, §5. 


§5. Splices with Various Groupings of Rivets. 


The joints considered in the former sections contained a i 
single line of rivets only. When a large number of rivets is . 
required for a connection, it is usual to group the rivets in several 
rows, a different number in each row, as, for example, in the 
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splice shown in Fig. 5, which contains one rivet in the first row, 
two in the second, three in the third, etc. The distribution of 
the load between the various rivets of such a splice may be cal- 
culated by a similar method to that used in the cases considered 
above if the additional assumption is made that all the rivets in 
each row take the same load, which is probably nearly true in most 


Fic. 5. 

wee eee 

a”: & ! 
ange. ©. O;O 

O O | 
gore? ee 

anes O 
ie) © 


cases, although experimental data are not yet available on this 


px int. 
Let 9, be the number of rivets in the first row, 7. the number 
; in the second row, etc., and, for simplicity, consider that there are 
; only five rows on each side of the junction. Let X, be the 


total load taken by the first row of rivets, X, that taken by the 
second row, etc. Then each rivet of the first row will take the 


load*", each rivet of the second rows®, etc. The work equa- 
1 2 
tion will be 

2EW= 2 [(F—X.)?+(F-X1—X2)*+...... +(F—=X)}| 


p 


d 1 \? +X) =xy 
HEP ++] 
ae 2 2 2 
+k Bek “yt pox tm(F=e) rer (12) 
ny Ne Ns / 


This leads to the equations 


es I K — 4 =e 4 K 
( —+— — C+ — — _— 
4 HG, Fa) 8 i 2 _ C45 a(C-1) +5, 
3C+ — 3C+K(— + +) 2C+ -- C+ = 3(C—1) re. 
Ns No Ns Ns is Ns 

; a eT 3 Sheen “ c ° 4 
sc+= 2C+ — 2C+K(- +=) c+2 2(C—-1) + * 
Ns Ns M3 Ns Ns Ns 

K K K ' P > 

C+ — C+ C+ — C+K(—+ : ) ei 4 
Ns Ns Ms Ns Ns Ns 


} 
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C and K having the same meanings as in $2. The method of 
solution is the same as for the equations of the preceding sections. 


Similar equations for any number of rows of rivets may be built ai 
e e > 7 ” t 
up from a consideration of the above. a 
It will be interesting to consider one or two numerical exam- i 


ples in order to illustrate the method and to see how far the ordi- 
nary assumption of design—that each rivet carries an equal pro- 4 
portion of the load,—is justified. Take first the splice shown in t 
Fig. 5, having four rows of rivets containing 1, 2, 3 and 4 rivets 
respectively. Let C=2,K=1and F=1. Equations (13) reduce 
to 


7.25 25 2.25 3: 
4-25 | 4.75 | 2.25 2 
2.25 25 2.583 


TABLE III. 


Diameter Thickness Thickness 
Specimen of rivets of middle of each outer 
plate plate 


These give 


X ,.= 0.339, . :—0.034, X s=0.159, and X .=—0.468. 


These are the total loads carried by each row. Thus 


a aes 


each rivet in the first row takes 0.339, 
each rivet in the second row takes 0.017, ' 
each rivet in the third row takes 0.053, de 
each rivet in the fourth row takes 0.117. ; 


Thus more than one-third of the total force is carried by the 
first rivet, while the middle rows take very little load. The load ii 
carried by the first rivet is so great that it will probably fail. If 
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this happens, or if the first rivet is removed, the values of X will 
become 
X 2=0.416, X3=0.121, X «0.463. 


and 
each rivet of the second row will take 0.208, 


each rivet of the third row will take 0.040, 
each rivet of the fourth row will take 0.116. 


Thus the distribution is somewhat improved, but if the splice 
is in tension, the main plate is weakened by two rivet holes. 
[f the second row of rivets be removed, 
X s=— 0.441, X 40.550. 


Thus 
each rivet in the third row takes 0.147, 
each rivet in the fourth row takes 0.140, 


and the distribution is much more uniform. 

Usually in a splice of the type considered the cover plates are 
cut away as shown by the dotted lines in Fig. 5. This will alter 
the distribution of stress. Suppose, for example, that the widths 
of the cover plates at the first, second, third, and fourth rows 
of rivets are in the ratio I :2.: 3:4. The equations will take the 


form 
" . ; _ 
K 
K at i I 3 K 37 K s c 
2 . | SE NC + ~ 
3+a,% ~+K(—+—)| 2+a-4"+- tees it? 
12 ny Ns 2a Ns 24 Ns 
3, K 3 I I 37 K K 
ys wv ~ / - 2+ 
ident oT ton +K\ J] Vee TM, Ns 
24 "4 2a n2 Nas 3% 
3 K 3 Hj K 3) fl I K 
I +a,2—+ 1+a,2—-+— +a8—-+K + oT 1+ a 
26 Be GBs a \3 N4/ 4 
3 3 
(14) 


where de is the area of cross-section of the cover plates when of 
the same width as the middle plate. 


Substituting numerical values. 


y = % oge 2 = 1.0397, 
Ng =% loge 1.5 =1.0136, 
73='4 loge 43 =1.007, 


and the equations become 


9.795 | 5.022 | 2.401 | 3.25 
5.022 | 5.522 | 2.401 | 2.25 
2.401 | 2.401 | 2.734 | 1.25 
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From these 


X:=0.225, X2= 0.145, Xs=0.132, X.=0.408. 
Thus 
each rivet in the first row takes 0.225, 
each rivet in the second row takes 0.072, 
each rivet in the third row takes 0.044, 
each rivet in the fourth row takes 0.125. 


Thus shaping the cover plate decreases the load taken by the 
first rivet. If the first rivet be omitted 


X:2 = 0.338, Xs:—0.160, Xs = 0.502 
and 
each rivet in the second row takes 0.160, 
each rivet in the third row takes 0.053, 
each rivet in the fourth row takes 0.125. 


lf the second row be also omitted 


X3= 0.458, Xs=0.542 
and 
each rivet of the third row takes 0.153, 
each rivet of the third row takes 0.135. 


These illustrations are sufficient to show how the method may 
be used to determine the partition of load in any form of splice. 
The problem of the best arrangements of rivets in splices will be 
deferred until further experiments have been made. 


$6. Joints Having Rivets of Different Sizes or for Which the 
Values of K are Different. 


Consider a joint having a single line of rivets, five on each 
side of the junction. Let the values of K for the rivets be K,, Kz, 
K,, K, and K, for the first, second, third, fourth, and fifth rivets 
respectively. Then the work equation will be similar to that 
given in §2, equation (1), but the last term will be 


KiX2%+K.X2+ .... +Ks(F—2X)?. 
Thus the equations for this case will be 
4C+KistK; 3C+Ks5 2C+K; C+Ks 4(C—1)+K;, 
3C+Ks 3C+KitKs 2C+K; C+K; 3(C—1)+K; 


2C+K;s 2C+K; 2C+K;+K;| C+K; 2(C—1)+K; 
C+K, C+K;, C+K;s |C+K,+K; (C—1)+K;5 
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$7. Lap Joints. 


In lap joints the loads on the two plates are not in the same 
straight line. ‘This causes bending of the plates, and the distri- 
bution of stress may be considerably modified by this action. 
‘The rivets are in single shear, and this will affect the value of K. 
In view of these factors and in the absence of experimental data, 
no attempt will be made in the present contribution to give a com- 
plete theory of such joints. If the bending of the plates is neg- 
lected, the work equation for a lap joint having a single line of 
rivets and connecting two similar plates will be 


2EW = —[(F—X:)*4+(F—Xi—Xa)'+...... +(F-EX)] 
ap 
+ k. [xy + (X1+X9)?+......4+(EX )2] 
ap 
+k [X2+XF+...... +(F—2X)?] 


where dp is the cross-sectional area of the plates. 
Differentiating with respect to X,, and equating the result 
to zero, 
2l 


— —[(F—Xi)+(F-Xi—X2)+......+(F-=X)] 
ap 

: 1x4 +ko+. . ... +(2X)] 
ap 


+ 2k [Xi—(F-=X)]=o 


Thus, if K = See the equations are 
n—1)+2K | (n—2)+ K | (m—3)+ K..... {1+ K}j (n—-1)+K 
n—2)+ K (n—2)+2K | (n—3)+ K.....\)1+ K |! (n—2)+K | 
n—3)+ Ko (n—3)+ Ks (n—3)+2K .|I+ K | (n—3)4+K | (16) 
1+K 4a “I+K I1+K coe | SHOE Ii+K | 


Thus the distribution of load is the same as for a butt joint 
having C = 2, as considered in $2, if the value of A is the same. 
The above equations must be considered only as a first approxi- 
mation, 

PART II.—_EXPERIMENTAL. 


$1. Specimens Used and Method of Experiment. 

The experiments described in the following pages were made 
with the object of determining the distribution of stress in the 
cover plates of a series of riveted butt joints having a single 
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line of rivets, and of thus deducing the load transferred from 
the main plate to the cover plates by each rivet. In order to 
establish the validity of the method, tests were also made on a 
specimen of the form shown in Fig. 6a, in which it was possible 
to measure the distribution of stress over a great part of the 
middle plate in addition to the distribution over the cover plates 
(see § 2). The butt joints were all of the form shown in Fig. 
6b. The plates were of varying thicknesses and the rivets of 
various sizes, but the width of the plate was in every case three 
inches, the pitch of the rivets four inches, and the total number 
of rivets was ‘ten; i.e., five on each side of the junction. The 
annexed table shows the remaining dimensions and the designa- 
tion of the specimens. 

Specitnen A was also tested with the first rivet removed, 
leaving four rivets on one side of the junction, and then with the 
fifth rivet removed, leaving three rivets. 

Specimen F was also tested after the middle plate had been 
cut down to a uniform width of 4.09 inches, as shown by the 
dotted lines in Fig. 6a. This specimen will be designated by F". 

All the specimens were made by the Dominion Bridge Com- 
pany, Montreal. The holes were drilled and the riveting was 
done by machine. Care was taken to keep the specimens as free 
from local bending as possible, but otherwise the joints were 
ordinary shop products, and as such were subject to minor irregu- 
larities in the position of the holes, etc. 

The strains were measured with the simplified form of the 
Marten’s Mirror Extensometer developed in the McGill University 
Testing Laboratory. This instrument was described fully in a 
paper by the present writer which appeared in the JoURNAL OF 
THE FRANKLIN INsTITUTE, August, 1915.1? The gauge length 


was 2 inches and the instrument read accuratelv to : inch. 
r 100,000 


All the instruments were carefully calibrated. The extensom- 
eters were set between each pair of rivets in positions such as 
are indicated in Fig. 7, their length being parallel to the axis 
of load. In specimens A and C, readings in five positions were 
taken between each pair of rivets; in B, D, E and F, in three 
positions only. In every case the instruments were read with the 


"C. Batho, “ The Effect of the End Connections on the Distribution of 
Stress in Certain Tension Members,” J. F. I., August, 191s, p. 120. 
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knife-edge at each end in turn and the mean of these readings 
taken in order to eliminate errors due to bending. The strains 
measured in this way may be regarded as proportional to the 
stresses, since the strains perpendicular to the axis of load are so 
small as to be negligible. Readings taken on the middle plate 
helow the joint and on the cover plates at the central section 
enabled the value of the modulus of elasticity for each plate 
to be determined. 

The specimens were loaded in the 150,000-pound Emery 
testing machine at McGill University. This machine is of the 


Positions of Extensometers 


vertical type and is very suitable for extensometer work because 
of the entire absence of vibration. The tests were carried out 
ina uniform manner. Four, or in some cases two, extensometers 
being placed in position and the mirrors set under an initial 
load of 100 pounds, the maximum load was applied and removed 
several times, the mirrors reset if necessary, and the load was 
then run up gradually, readings being taken at the required 
loads. The load was then reduced to its initial value. In nearly 
all cases the extensometer readings returned to zero. If not, the 
process was repeated until they returned satisfactorily. This 
latter precaution was, however, seldom necessary. 
Vor. 182, No. 1091—4I 


ae 
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It will be seen that the success of the method depends upon 
the distribution of stress remaining the same after many loadings. 
This point was very carefully tested by repeating readings at 
intervals. No differences were found that were not within the 
range of experimental error; 1.¢., the readings checked to 

I 


100,000 
readings on the first loading of the piece. This was found 


rather difficult as the ends of the specimen always slip a little 
in the grips when the load is applied for the first time, disturbing 
the extensometers, so that the loading has to be carried out in 
stages, returning to the initial load and resetting the extensom- 
eters every time such a motion occurs. The results appeared 
to show some minor differences between the distribution of 
stress on the first and on subsequent loadings, but these may have 
been due to experimental errors. A closer examination of this 
matter would be interesting, but outside the scope of the present 
investigation, which deals with the distribution of stress in joints 
when a stable condition has been reached, and, as stated above, 
this distribution remains exactly the same, no matter how many 
times the piece has been loaded. 


inch. An attempt was made in specimen A to obtain 


The specimens were loaded in tension. [Experiments in com- 
pression would be more difficult because of the tendency for 
bending to occur, but would be necessary in order to determine 
the value of A for joints in compression. 


$2. Test of the Validity of the Method. 

The object of the experiments, as stated above, was to obtain 
the proportion of the load transmitted from the middle plate to 
the cover plates by each rivet. Since extensometer measurements 
could be taken only on the outer surfaces of the cover plates, 
it will be seen that the validity of the method depends upon 
whether or no the strains in the cover plates deduced from these 
measurements were a true estimate of the mean strains in the 
plates. If, for example, the plates were held together mainly 
by friction between the plates, the stresses at the inner surfaces 
of the plates would probably be much greater than at the outer. 
In order to obtain information on this point, experiments were 
made on specimen F, in which the middle plate was much wider 
than the outer plates, so that measurements could be taken both 
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on 


on the cover plates and on the middle plate. ‘The extensometer 
positions are shown in Fig. 7, and Table IV gives the sum of 
the four extensometer readings on the two sides of the specimen 
at each position, one-hundred-thousandth of an inch being taken 


TABLE IV. 


Sum of the extensometer readings on the two faces of the specimen 


Section 
I 2 3 4 5 6 7 8 9 
Central section of 
middle plate 76 | 100 | 313 | 167 | 170 | 162 | 130 | Lor 70 
a 103 110 112 76 67 77 126 118 107 
b 122 107 110 go 109 117 111 
c 119 121 140 114 142 124 126 
d 123 162 150 166 128 
e 279 | 281 281 


as unit, for a tensile load of 16,000 pounds. The extensions 
were measured over a length of 2 inches. Thus, since the readings 


are correct to inch, an error of about 150 pounds, i.¢., 


I 7 
100,000 
about I per cent. of the load, is possible in the estimate of the 


stress. The error of the sum is probably much less than this. 


TABLE V. 


E = 28.4 10° pounds per square inch for middle plate, 
= 30.4 X 10° pounds per square inch for outer plates. 


Mean strain | Mean strain Total load 
in middle in outer Load carried) Load carried from exten- 
Section plate X 4 plate X 4 by — by outer someter Error 
: ” t ” plate plates -ad Fi 
( yi ) Lbs. bs “tte 
100,000 100,000 2U5 
Per cent 
Central 127.7 elite 16000 ee Pn 
a 112.7 75.9 12320 4100 16420 +2.62 
b 114.2 99.7 10340 5690 16030 +0.19 
c 122.5 127.5 8800 7260 16060 +0.38 
d 125.5 157.0 6650 8940 155s0 —2.56 
e py oo eee 16000 16000 


The values of E for the plates were determined from the 
readings at the central section for the middle plate, and at 
section é, below the rivets, for the outer plates. The results are 
given at the head of Table V. 

Columns 1 and 2 in Table V give the mean strains at each 
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section determined from the figures in Table IV. To obtain the 
mean strains in the outer plates, twice the middle reading was 
added to the two outer readings and the result divided by four. 
Thus at section a the mean strain 


_ 76+2X67 +77. 
i. 4 

The reason for this will be explained in §3. The mean 
strains in the inner plate were obtained by taking the average 
of the figures given in Table IV. The loads carried by the outer 
and inner plates respectively were calculated by using the values 
of E obtained as explained above and are given in columns 3 and 4 
of Table V. 

At each section the sum of these, if the estimated strains are 
the mean strains in the plates, should be 16,000 pounds, the total 
load. The actual sums are given in column 5, and it will be 
noticed how close they are to this value. The percentage errors 
are given in column 6. They are quite negligible at sections b and 
c and only amount to about 2.6 per cent. at sections a and d. 
Thus the validity of the method may be regarded as fully estab- 
lished. The agreement of the results will be seen to be remarkably 
close when it is considered that the experimental error may 
amount to about 1 per cent. and that readings could not be 
taken over the parts of the middle plates covered by the outer 
plates. 

It may occur to the reader that there is also an error due to 
the varying width of the middle plate not being taken into account 
in reducing the strains to stresses. This error, however, was 
estimated and found to be too small to be considered. 

To sum up, the above experiment shows that extensometer 
measurements on the outside of the outer plates of a riveted 
joint are sufficient for the determination of the proportion of the 
load carried by each rivet, since they give accurate values for 
the mean strains in the plates. It also appears to prove that fric- 
tion between the plates cannot play any part in transferring the 
load, except possibly in the parts of the plates close to the rivets. 


71.7 


$3. Experimental Results for Specimens A, B and C in Which 
the Thickness of Each of the Cover Plates was One-half the 
Thickness of the Middle Plate. 


Nov., 1916.}_ PARTITION OF LOAD IN RIVETED JOINTS. 579 


The results of the tests on specimens A, B, and C are given 
in Table V1, together with their reduction to find the load taken 
by each rivet. It has not been considered necessary to tabulate 
each individual extensometer reading. The figures in Table VI 
are the sums of the four readings at the corresponding positions 
on the two cover plates, the sum being given, for convenience, 
instead of the mean. Readings were also taken on the middle 
plates below the joint for the purpose of determining E for these 
plates, but are not tabulated. 

The earlier experiments were made on specimens B, D, E and 
F, and in these readings were taken in three positions only at 
each cross-section, corresponding to 1, 3 and 5, Fig. 7. The 
results (see Table VI) showed clearly that the distribution of 
strain across the width of the plates was not uniform, the readings 
at the central position being always less than at the outer positions. 
It was therefore thought to be advisable to take readings at the 
intermediate positions, 2 and 4, Fig. 7, in order to study more 
closely the actual distribution of strain. This was done in 
specimens A and C. 

The results for these specimens given in Table VI show 
that the distribution of strain is of substantially the same character 
at all loads and for each specimen. The strain is always least 
at the centre, rising to a maximum at each outer boundary. The 
readings for specimen A at the cross-section, between the fourth 
and fifth rivets, where the variations are most marked, are plotted 
in Fig. 8. It will be noticed that the shape of the curves is the 
same at all loads. The ratio of the mean of the readings at | 
and 5 to the reading at 3 has the values 


1.35, 1.90, 02m 0:28, 1.22, 1.21 
at the loads 
5000, 10000, 15000, 20000, 25000, 30000 pounds 


respectively. It thus remains practically constant for all loads 
from 10,000 pounds to 30,000 pounds. It is somewhat less at 
the 5,000 pound load, but the readings for this load are too 
small to be relied upon. Curves drawn for the other sections 
give similar results. Now the maximum load on this specimen, 
30,000 pounds, corresponds to an average stress of about 15,280 
pounds per square inch of rivet, well above the working stress. 
Thus, at any rate when the joint has come to a stable condition 
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after a few loadings, the manner of distribution of stress in the 
plates remains the same at all loads. This does not mean that the 
rivets carry the same proportions of the total load, but that there 
is no marked change in the way in which the load is transferred 
to the plates by the rivets. 

It would require too much space to give all the curves for 
specimens A and C, and it is, fortunately, unnecessary, since 
they are, as shown above, similar for the same sections at 
different loads. Fig. g shows the readings at all the sections of 
the cover plates in specimens A and C for a load of 30,000 
pounds. It will be remembered that the rivets in specimen A are 
'4 inch diameter and in specimen C are 7 inch diameter, the 
thickness of the cover plates being % inch in specimen A and 
546 inch in specimen C. In order to make direct comparison 
possible the ordinates of the curves for specimen A _ have 
been drawn to 54 the scale of the ordinates for specimen C, 
thus allowing for the difference in thickness of the plates. The 
curve at the central section, ¢, is higher in specimen C than in A, 
indicating that the value of E is lower in specimen C than in A. 
The actual values are 31.7 x 10 ® pounds per square inch for A and 
30.4 x 10° pounds per square inch for C. Thus the ordinates 
do not represent the stresses in the two specimens to quite the 
same scale. The curves for sections a, b, c and d are very similar 
in form in the two specimens, although the load, 30,000 pounds, 
corresponds to an average load of about 15,280 pounds per 
square inch of nominal rivet section in A and of only 15,280 
pounds per square inch in C, showing that the manner of distribu- 
tion of stress at a cross-section is substantially the same not only 
at different loads, as shown above, but also in different specimens. 
All the experimental results show this in an equally striking 
manner. The curves are not quite symmetrical about the centre 
line. This is probably due to slight irregularities in the con- 
struction of the specimens. Most of the curves seem to show a 
discontinuity at the centre, position 3. Readings taken close to 
the centre might show that the curve is really continuous instead 
of coming to a sharp point. 

The curves referred to above represent the sum of the readings 
in corresponding positions on the two cover plates and thus give 
(as shown in §2) the mean strain in the cover plates multiplied 
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by four. Fig. 10 shows, to the same scale as Fig. 9, the readings 
on the twe cover plates for specimen A at 30,000 pounds load. 
Owing to bending in the plates, and slight irregularities in the 
placing and action of the rivets, the strain in one cover plate 
is at each section higher than in the other, the ratio varying 
somewhat at different sect.ons. This has a slight effect upon the 
partition of load between the rivets, as was proved in Part I, § 3. 
The difference in the value of - for the cover plates and the 
middle plates has a similar effect. 

The curves given in Fig. 9 show that the ratio of maximum 
to minimum stress, or strain, across the section is least between 
the first and second rivets and increases to a maximum between 
the fourth and fifth rivets. This fact and the general form of 
the curves lend strong support to the view that the rivets are 
acting in shear, because, if the plates were, in the neighborhood 
of the rivets, held together by friction, it would seem that the 
pull transferred by each rivet would give a maximum stress at 
the centre line and a minimum at the outer edges. Also, it is 
very unlikely that in such a case the strains on the outer faces 
of the cover plates would give true values for the mean strains 
in the plates. 

The area included between the curve for section ¢, the ordi- 
nates at its ends, and the. horizontal axis is a measure, to some 
scale, of the total load on the specimen. The areas under curves 
a, b, c and d represent to the same scale the loads at the corre- 
sponding sections of the cover plates. Thus the area under a 
represents the load transéerred to the cover plates by the first 
rivet, the area between a and b the load transferred by the second 
rivet, etc. It is at once evident that the first and last rivets 
transfer the major portion of the load and that the middle rivet 
transfers practically nothing. This is in accordance with the 
theory given in Part I. In order to obtain the exact loads taken 
by each rivet, all that is necessary is to obtain the mean heights 
of the curves. This has been done, and the results are given in 
Table VI, column 3. It was found that the mean corresponding 
to the curves could best be determined by using Simpson’s rule 
on each side of the centre. Thus, for example, the mean for 
specimen A at section d for a load of 30,000 pounds is given by 


281 +4 X258+2 X226+4 X249+267 _ 
I2 
the result being taken to the nearest integer. 


= 252, 
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SUM OF THE TWO EXTENSOMETER READINGS IN EACH POSITION 
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For specimens B, D, E and F, since three readings only were 
taken, the mean was considered as the sum of the readings at 1 
and 5, together with twice the reading at 3, the whole being 
divided by 4. Applied to the section of specimen A considered 
above, this would give 250 instead of 252, a difference of about 
o.8 per cent. Thus the error from using three readings only 
is unimportant. 

The mean strains are proportional to the loads in the cover 
plates at the different sections, and the proportion of the load 
taken by each rivet may readily be found from these. For 
example, for specimen A at 30,000 pounds load, the mean at 
section ¢ is 404, and at section ais 131. Thus the first rivet takes 


131 


= 32. ent., 
“ee 32.4 per cen 


the second rivet takes 


204—131 


xX 100 = 18 per cent., 
404 


of the total load, etc. 

Column 4, Table VI, gives the percentage of the total load 
taken by each rivet for the specimens A, B and C at different 
loads, and also for specimen A with the fifth rivet removed and 
with the first and fifth rivets removed. It will be at once apparent 
that the results are in general agreement with the theory given in 
Part I, the end rivets taking by far the greater portion of the 
load, the second and fourth rivets much less, and the centre rivet 
practically none. 

Column 5 gives the mean of the percentages of the load taken 
by the two end rivets, and it will be noticed that in every case 
this decreases as the load increases, which means that the value 
of K increases with the load. This point will be discussed in the 
next section. The general distribution is, however, similar at 
different loads, and Figs. 11 to 15 show typical results graphically. 

Figs. 11, 12 and 13 show the partition of the load between 
the rivets for specimen A at a load of 20,000 pounds with five, 
four, and three rivets respectively, and Figs. 14 and 15 show 
the same for specimens B and C respectively at a load of 30,000 
pounds. 


with! 


Bore: 


Nov., 1916.]_ PARTITION OF LoaAD IN RIVETED JOINTS. 587 


zi 
. 
F 
: 


The heavy ordinates represent the proportions of the total 
load taken by each rivet. The tops are joined by lines in order to 
display the results more clearly. These lines do not, of course, 
mean that interpolations may be made for a different number 
of rivets. 

The distribution is not quite symmetrical in any of the 
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specimens, the last rivet, except for the three highest loads on 
specimen A and the two highest on the same specimen with the 
fifth rivet removed, taking a little less of the load than the first. 
This is, probably, mainly due to the causes discussed in Part I, 
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S 3, ue., the difference in the values of E for the main plate and 
the cover plates and the unequal loads taken by the two cover 
plates; but want of straightness and minor irregularities in the 


specimens may also play some part. The difference is most 
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marked in specimen B, and practically vanishes in specimen C. In 
order to determine the value of K best fitting the experimental 
results, the mean of the loads taken by the first and last rivets was 
used, and from this K was determined, as described in Part I, by 
the use of Fig. 2, Part I. The values thus found are given in the 
last column of Table VI. 
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The dotted lines in Figs. 11 to 15 show the theoretical per- 
centages of the load taken by each rivet, obtained by using these 
values of K. The agreement between the theoretical and experi- 
mental results is very striking, especially if it be remembered that 
the specimens were by no means ideal, but ordinary shop products. 
The experimental results for the rivets 2, 3 and 4 are somewhat 
irregular. This may be partly owing to experimental errors, 
since the results depend upon the comparatively small differences 
between the means of the readings at consecutive cross-sections 
of the plates, but it may also arise from taking the value of K as 
constant for all rivets. In any case, these rivets take such small 
loads that the differences between the theoretical and experi- 
mental results may be regarded as unimportant. 
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The Value of K. 

The values of K given in Table VI, column 6, are plotted in 
Figs. 16 to 20. Since a small variation in the percentage of the 
load carried by the end rivets causes a fairly large variation of 
K, the results cannot be considered as accurate to the third place 
of decimals, and the range of error is roughly indicated by the 
circles marking the experimental points in the figures. The vari- 
ation of K with the load is somewhat irregular, but the points 
lie fairly well on straight lines except for specimen C. Probably 
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with more carefully made specimens the irregularities would 
disappear. In any case the law of variation may be regarded, 
for practical purposes, as linear. In order to obtain the mean 
straight lines, the method of least squares was used; t.¢., if F, 
represent the abscissa (load), A, the ordinate (K) of any point, 
the law of variation was taken as 
— - a 
K= SF? FF. 

The results are given, correct to two figures, in the annexed 
Table. 


TABLE VII. 


nie | Cpt | tt ee 
c 7%/" K =0.15 X 1074 F 

I 34° K=0.18 X1074 F 

A 4" K=0.43 X1074 F 

A (4 rivets) + K =0.44 X10 F 
A (3 rivets) wy" K =0.41 X10°4 F 


The results differ but little for the three specimens with 1%2- 
inch rivets, although the number of rivets was different. On the 
other hand, there is a considerable difference between the values 
for the specimens A, B and C, the ratio of K’s for any given 
load being 


Le) 
— 


Ka: Kp: Kce=2.87 : I. 


Now the nominal diameters of the rivets in A, B and C are 
4 inch, 34 inch, and 7 inch respectively, and the inverse ratio 
of their areas is as 


S07 21.38 27 


Thus the values of K are roughly in inverse proportion to the 
nominal areas. A number of rivets were removed from these 
specimens, and it was found that the rivets fitted tightly in the 
holes, while the holes were somewhat irregular but always greater 
in diameter than the nominal diameter of the rivet, the mean 
diameters being 0.55 inch for specimen A, 0.83 inch for specimen 

Vor. 182, No. 1091—42 
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B, and 0.925 inch for specimen C. Thus the inverse ratio of the 
actual areas is as 


which is very close to the ratio of K’s. It therefore appears that 


i . where F is the total load on the speci- 
men and A the area of cross-section of the rivets. This being so, 
an empirical formula for K is 


the values of AK vary as 


" aF 


10°4A’ 


where « is a constant. The values of « given by the experimental 
; results are 0.102, 0.098, and 0.101 for the specimens with %- 
a inch, 34-inch, and 7%-inch rivets respectively. Thus the mean 
value is 0.100 and 


: F 


~ 100,000A 


where 4 is the actual area of cross-section of the rivets. This 
result indicates that in joints similar to the specimens A, B and C 
the value of K is the same for the same average load per square 
inch of total cross-section of the rivets. For example, at a load of 
10,000 pounds per square inch of total cross-section of the rivets 
K =1.0. On the other hand, the results for specimen A with the 
fifth rivet and with the first and fifth rivets removed show very 
little change in the value of K with the number of rivets. The 
results of these tests, however, cannot be taken as conclusive, 
because the rivets had been previously under stress in the com- 
plete specimen. 

It will be shown in the next section that the value of K given 
by equation (17) gives results in accordance with the experi- 
mental results for the remaining specimens. This says much for 
the truth of the theory given in Part I, and shows that equation 
(17) is correct for specimens such as have been tested. It will 
be necessary, however, to make many more experiments on 
specimens in both tension and compression having different sizes 
and arrangements of rivets and different ratios of width of 
cover plate to rivet pitch before general rules can be given for 
the determination of K in any type of joint. 
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Equation (17) is entirely empirical. It will be interesting 
to examine the results theoretically. A, as explained in Part I, 
$ 2, is a coefficient given by 


where & is that quantity which, when multiplied by the square 
of the load transferred by a rivet and divided by 2 E, gives the 
work stored in the rivet or its equivalent. It is not easy to 
determine in exactly what manner work is stored in the rivets. 
Possibly the rivets act by giving a frictional hold between the 
plates. This does not seem probable, since K follows the same 
laws below and above loads at which slip has been shown to occur 
by other investigators, and because of other reasons already given. 
[f, however, the rivets do hold by friction, K must be some func- 
tion depending upon the work stored in the portions of the plate 
held together without slip by the rivets. If, on the other hand, 


: : RP? . ‘ 
the rivets are in shear, E'S the work stored in them when 


transmitting a load P. Now the rivets are so short and so 
rigidly held that the work stored in bending must be very small 


and the major portion of am must be the work stored in shear. 
This will depend upon the exact manner in which the load comes 
upon the rivets. As the load increases the contact between plates 
and rivets will become more intimate and thus the value of A will 
increase. This is precisely what was found in the experiments. 
It is, of course, impossible to say theoretically how the load will 
be distributed at any particular stage. Assuming, however, that 
a load has been reached which gives a uniform load distribution 
over the length of the rivets, the shearing force on the rivet will 
increase uniformly from zero at the head to a maximum of = at 


the junction of the cover and middle plates and will then de- 
crease uniformly to zero at the centre of the middle plate. The 
intensity of shear, g, at any point of a cross-section over which 
the shearing force is S will be given by 


a ek ae 
9= 3eR\' Ri 


where & is the radius of the rivet and y the distance of the point 
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from an axis through the centre in the plane of the cross-section 
and perpendicular to the load.'*» The work stored by shear will 
be given by 


where G is the modulus of rigidity of the material and dl’ an 
element of the volume. This, omitting the analysis, gives 
4 a 


— 9 . . 
Ws= 546A 


’ 


where ¢ is the thickness of the middle plate, or twice the thickness 
of the cover plates. 


Thus 
a E t 
Keo GA 
and 
, 20 5 E t 
f=— ‘27 G A> 


. ° bt 
If b represents the breadth of the cover plate a.= => and 


wv 
ie] 
ie) 
a> 

™ 
ned 


27°G1°A’ 
For specimen A, having a middle plate 2 inches wide and 
dS ») 


5¢-inch thick and 14-inch rivets of 4 inches pitch, this would give, 


. ), E 
taking the nominal area of the rivets and G= 2:5, 
I 
K = 0.602. 


This is of the same order as the experimental values; in fact, it 
is the actual value of A for a load of 16,000 pounds or an average 
load of 8150 pounds per square inch of rivet. If the work stored 
in bending were considered, the value would be raised somewhat. 
The value of K given by equation (18) varies inversely as 4, and 
this would be true no matter how the load was distributed over 
the length of the rivet. This is in accordance with the experi- 
mental results. On the other hand, it varies as t? while the 
experimental results do not show such a variation. This would 
appear to indicate that at a given load per square inch of rivet 


“See Morley, “Strength of Materials,” p. 132. This assumes that the 
shear intensity is constant over an elementary slice of the cross-section 
perpendicular to the load. 


Mteailncbietbcins moe. the 
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the load is distributed in the same way and over the same length 
of the rivet, no matter what the total length of the rivet may 
be. This seems probable, at any rate for fairly short rivets. In 


this case K would vary with the ratio +: Further theorizing on 
this point, however, would be futile on the experimental evidence 
at present available. 

To sum up, if the rivets act by clamping the plates together 
by their initial tension, it is evident from the experimental results 
of §2 that this action is local, and in this case K will depend 
on the way in which work is stored in the parts of the plates thus 
held. If, on the other hand, the rivets are in shear, K will depend 
principally upon the work stored in shear in the rivets and will 


vary at different loads, because the manner of distribution of the 


TABLE VIII. 


m Sum of extensometer ” Sum of extensometer 

3) readings on the D> m readings on the 

iS 5 two faces = § 5 two faces = 

5 +s g % S 3 

o|le I 2 3 = Oy aA I 2 3 = 

D i 145 119 143 132 F i 76 67 77 72 
b 164 138 163 151 b 110 90 109 100 
( 73 144 166 157 c 140 114 142 127 
1 176 144 170 158 d 162 150 166 157 
é 195 170 197 187 ( 279 281 281 280 

E d 187 170 =192 180 F’ a 144 134 150 140 
b 216 183 212 198 b 75 156 179 166 

22 184 223 203 c 197 157 196 177 

d 228 I9I 226 209 d 215 178 227 199 
e 280 284 281 282 € 280 


load on a rivet depends upon the intensity of the load. Theo- 
retical considerations and experimental results both appear to show 
that the second hypothesis is the correct one, but further experi- 
ments are needed. It is, of course, quite possible that the value 
of K is not the same for all the rivets in a joint and that the values 
given above are only equivalent ones for the whole joint. 


1 


The Specimens D, E, F and F’. 
The experimental results for the specimens D, E, F and fF’ 
under a load of 16,000 pounds are shown in Tables VIII and IX. 
The specimen fF’ was, as mentioned above, obtained by cutting 


. 
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down the middle plate of specimen F to a uniform thickness of 
4.096 inches. This, of course, changed the partition of the load 
among the rivets, as may be seen by comparing Figs. 23 and 24. 

The specimens D, E, and F’ will be considered first. The 
cover plates in specimens D and E were 3 inch and '4 inch thick 
respectively, the middle plate being '4 inch thick, and all plates 
3 inches wide. All the plates of F’ were 4 inch thick, but the 
outer plates were 3 inches wide and the inner plate 4.096 inches. 
Thus the values of C in the specimens D, E and F’ were 4, 3 and 
2.468 respectively. Now it will be remembered that the theory 
given in Part I indicated that, if C were greater than 2, the first 
rivet would take a greater percentage of the load than the last, 


TABLE IX. 


Percentage of total load taken by each 
rivet 
Specimen c K 
I 2 3 4 5 
D : ; e 70.7 10.1 3-2 0.5 15.5 
4.04 0.29 t 70.5 4.4 0.4 1.5 23-2 
E . e 63.5 6. 1.8 2.1 25.9 
3.02 0.29 t 61.5 5.0 | 0.2 2.9 | 30.4 
F’ : ; e 50.0 9.3 3.9 7-9 25.9 
2.468 0.29 t 53.8 5.2 0.6 3.8 | 36.6 
F wae iim e 25-7 10.0 9.6 10.7 44.0 
2.468 | 0.29 t 28.7 8.0 | 6.6 11.6 45.0 
e = Experimental. 
t = Theoretical. 
the difference increasing with the value of C. This is entirely 


borne out by the experimental results as shown in Table IX, the 
percentage taken by the first rivets being respectively 70.7, 63.8, 
and 50.0 for the three specimens. The loads taken by the other 
rivets also agree in general with the theoretical results. 

It was shown in the last section that K for 34-inch rivets is 
equal to 0.18 x 10°* F. For a load of 16,000 pounds this gives 
K =0.29. If, as surmised above, a small difference in the length 
of the rivets does not alter A, the above value ought to give 
figures which agree with the experimental results. The two cover 
plates, however, did not in any of the specimens receive exactly 
the same loads, and allowance must be made for this, as explained 
in $3, Part I. The actual ratio of the loads taken by the two 
cover plates was not constant at each section. This could be 
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allowed for if necessary, but the effect of the correction is, in any 
case, so small that it will be quite sufficient to take mean values. 
The mean values of ; in D, E, and F were 0.595, 0.574, and 
0.510 respectively. Thus, allowing for these, the values of C 
become 4.04 and 3.02 for D and E respectively, remaining prac- 
tically unchanged for F’. By substituting these values in the equa- 
tions of Part I and taking K = 0.29, the figures in the rows marked 
t in Table IX were obtained, and the results are shown with the 
experimental results in Figs. 21 to 23. It will be seen that the 
agreement is fairly close. It is almost exact for the first rivets, 
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FIG. 21. 
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Specimen D. 


which are the most important. The fifth rivets, however, take 
less than the theoretical loads in each case, the difference being 
distributed among the middle rivets. This may arise from actual 
differences in K for the different rivets or from bending, but, con- 
sidering the nature of the specimens and the probable irregularities 
in setting of the rivets, the agreement may be regarded as satisfac- 
tory, especially when it is remembered that the value of A used 
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was obtained from a single set of experiments on another 
specimen. 

F was the only specimen tested in which the width of the 
middle plate was variable. The theoretical equations for this speci- 
men are of the type given in Part I, $4. 9, the coefficient de- 
pending upon the variable width of the plates between each pair of 
rivets, is so near to unity that it may be neglected. The values 

a 


of the terms in 2 d are 
a\ 


Se. 2X3 ' 
= = 0.487 
ay 12.32 
2d, 2X3 ; 
= =0.588 
a2 10.2 
2a- 2X3 ates 
a3 8.08 743 
2a 2X3 
=1.007. 
a4 5.96 
Thus 
4 a, Le 4 a, 
25 — =2.825, 22 — =2.338, 22 -— =1.750 
14 > a 3 a 


44, : ; 
and 2% =1.007, and the equations for the loads taken by the 


various rivets, Part I, $4, p. 589, taking K = 0.29, become 


7.405 5.628 4.040 2.297 | 3.115 
5.628 5.918 4.040 2.297 2.628 
4.040 4.040 4.330 2.297 | 2.040 
2.297 2.297 2.297 2.587 || 1.297 


ee 


600 Cyrit BATHO. [J.F.1. 


The solution of these equations gives the results displayed in 
Table IX and shown by the dotted lines in Fig. 24. There is 
again a remarkable agreement between the theoretical and experi- 
mental results. 

The two specimens F and F’ are similar to the ordinary types 
of end connections of riveted bridge members, and the results 
show that the widening of the gusset plate results in far less load 
being carried by the first rivet and also increases the proportion 
of the load taken by the middle rivets from 21.1 per cent. to 30.3 
per cent. of the total load, giving a more even partition of the load. 


$6. General Conclusions. 


The results of the experiments carried out up to the present 
have now been given and analyzed, and it only remains to see 
what general conclusions can be drawn from them. In the first 
place, all the experiments are in remarkable agreement with the 
theory advanced in Part I, especially when it is taken into con- 
sideration that the specimens were ordinary shop products, and 
show that it is possible to predict, in general, the way in which the 
load will be divided among the rivets in any form of joint. 

Only the specimen with 42-inch rivets was carried beyond the 
working load, but the regularity of its action showed that the 
partition of load obeyed the same laws at all loads up to that 
causing permanent deformation of the plates or rivets. In every 
specimen and at all loads the first and fifth rivets took by far the 
greater part of the total load, the actual proportion decreasing 
gradually as the load increased. For example, in the specimen 
with 42-inch rivets, the first and fifth rivets carried 83.5 per cent. 
of the total load at a load of 10,000 pounds, and this decreased 
to 70.0 per cent. at a load of 30,000 pounds. The latter load cor- 
responds to an average stress of about 12,650 pounds per square 
inch of actual rivet section, or 15,280 pounds per square inch of 
nominal rivet section. This would usually be taken as the shear- 
ing stress on all the rivets, but actually the end rivets, if, as there 
seems little doubt, the rivets were in shear and not holding by 
friction, were each under an average shear stress of 22,150 
pounds per square inch, while the third rivet at the same load 
took only 3.2 per cent., corresponding to an average shear stress 
of only 2020 pounds per square inch. Thus in joints having 
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several rows each containing an equal number of rivets and de- 
signed in the usual manner, /.c., allowing the average load per 
square inch of rivet section to be equal to the working stress in 
shear of the rivet material, the rivets in the end rows must carry 
stresses far above the allowable working stress. That this will not 
be remedied by increasing the number of rows of rivets was 
shown in Part I, §2. 

The above refers to the specimens in which the cover plates 
were of the correct thickness; i.¢c., each half as thickeas the middle 
plate. If they are thicker, the first rivet takes an even greater 
proportion of the load, the proportion increasing with increased 
thickness. This was shown theoretically in Part I and experi- 
mentally on the specimens D, E and F’. Specimens B, D, E 
and F’ all had the same diameter of rivet. In specimen B, in 
which the cover plates were of correct thickness, the first and 
fifth rivets took 88.1 per cent. of the load at a load of 16,000 
pounds. In specimens D, E and F at the same load they carried 
86.2 per cent., 89.7 per cent. and 78.9 per cent. of the total load 
respectively, but of these the first rivets carried respectively 70.7 
per cent., 63.8 per cent. and 50 per cent. of the total load. Speci- 
men F, in which the middle plate was of varying width, illustrated 
the action in members riveted to a gusset plate, and it was found 
that the varying width of plate resulted in a rather more even dis- 
tribution of stress, the first and fifth rivets carrying only 69.7 
per cent. of the load, as compared with 78.9 per cent. when the 
middle plate was cut down to uniform width. 

It must be noted that in all the specimens tested the ratio of 
width of cover plate to pitch of rivets was the same, 344. Now it 
was shown in $4 that A probably varies as the width of cover 
plate divided by the pitch of the rivets; thus, with a smaller pitch 
or wider plates, A would be increased, and the effect of this would 
be to make the partition of the load rather more uniform. But, 
as stated above, a large variation of A only causes a compara- 
tively small alteration in the percentage of the load carried by the 
end rivets. For example, in the specimen a change of K from 
0.485 to 1.3 only altered the load carried by each of these rivets 
from 40.7 per cent. to 35 per cent., and the alteration for a given 
change becomes less and less as the values of K increase. Thus 
the effect of change of pitch or breadth of cover is not likely to be 
very great, except possibly in splices containing a number of 
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rivets in each row. However, further experiments are needed 
in order that a general law may be found for the value of K. When 
this is determined it will be possible to predetermine the exact 
partition of load in any proposed joint, and this will enable the 
joint to be designed in the most efficient manner. <A very good 
approximation, sufficient for most purposes, may, however, be 
obtained from the data already given, since the general manner 
of partition of load is the same for all values of K. It would 
require too much space to illustrate this further here, but the 
examples given in Part I show clearly the method of procedure. 

The writer has already in hand further experiments on the 
variation of K in different types of joints and also experiments 
designed to show the part, if any, played by friction in riveted 
joints. : 
$7. Summary and Conclusion. 

The following is a summary of the principal contents of the 
present paper: 

1. It is shown that a riveted joint may be considered as a 
statically indeterminate structure, and that a series of equations 
may be obtained for any joint by means of the Principle of Least 
Work, giving the loads carried by each of the rivets in terms of a 
quantity A, which depends upon the manner in which work is 
stored in, or by the action of, the rivets. 

2. This theory is applied to various types of joints, and the 
modifying effects of non-uniform distribution of stress in the 
plates, unequal partition of the load between the two cover plates, 
and a difference in the modulus of elasticity of the middle plate 
and the cover plates are also considered. 

3. It is shown experimentally that extensometer measure- 
ments on the outer surfaces of the cover plates of a riveted joint 
are sufficient for the determination of the mean stresses in the 
plates, and that the partition of the load among the rivets may be 
determined from such measurements. It is also shown that, at 
any rate after the first few loadings, the distribution of strain in 
the plates of a joint is not altered by repeated loadings. 

4. It appears from 3 that if there is any frictional hold 
between the plates, it acts only over those portions in the imme- 
diate neighborhood of the rivets. All the experiments tend to 
show that friction does not play an important part, but further 
experiments are necessary on this point. 


Aneel 
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5. Experiments made on a number of specimens having a 
single line of rivets and loaded in tension give results in close 
agreement with the theoretical considerations. They also show 
that the longitudinal stresses in a portion of the cover plate 
between two consecutive rivets are a minimum along the line of 
rivets, rising to a maximum at the edges of the plates. 

6. The experiments show that the value of K for a joint hav- 
ing a given ratio of width of cover plate to rivet pitch and a given 
number of rivets varies approximately directly as the load and 
inversely as the area of the rivets. An empirical rule is given 
for its value in joints similar to the experimental specimens, but 
a more general rule cannot be given until further experiments 
have been made. A theoretical estimate is made of the value 
of AK for a rivet acting in shear, and the result is shown to be 
within the range of the experimental values. 

7. Both the experimental results and the theoretical deductions 
show that :— 


(a) in a double-cover butt joint having a single line of 
rivets, the two end rivets and the two rivets on 
each side of the junction of the middle plates take 
by far the greater part of the load at all loads 
within that causing permanent deformation of 
the plates or rivets, the actual proportion decreasing 
slowly as the load increases ; 


(b) if, in such joints, the total area of cross-section of the 
cover plates is equal to that of the middle plates, 
these four rivets take equal loads, but if it is greater 
the end rivets take greater loads than the others, 
the difference increasing as the area of the cross- 
section of the cover plates increases ; 

(c) if two plates of uniform width and equal thickness are 
connected by a single line of rivets to opposite 
sides of a gusset plate of uniform width, the first 
and last rivets take the greater part of the load. 
but if the gusset plate increases in width from the 
first to the last rivets, the partition of load is more 
uniform. 
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The results already obtained allow the general manner of par- 
tition of load in any riveted joint, in which there is no eccentricity 
of connection, to be estimated, and it is hoped that, when further 
experiments have given general laws for the value of K, it will be 
possible to predetermine the exact load that will be carried by 
each rivet. The practical value of this is obvious. 

In conclusion, the writer wishes to thank Prof. H. M. Mackay 
and Prof. E. Brown for their personal interest and advice, and 
Mr. S. D. Macnab for his valuable assistance in the experimen- 
tal part of the work. 


McGill University, 
August, 1916 


Maintenance Cost of Four-cylinder Engines. F. E. Warts. 
(Society of Automobile Engineers Bulletin, vol. x, No. 5, August, 
1916.)—It 1s an axiom in all mechanical work that the less compli- 
cated a machine is, the lower must be its maintenance cost. This 
is apparent enough in a comparison of the four-cylinder engine with 
other types. It is more accessible and has fewer parts in proportion 
to its fewer cylinders. Repairs are consequently not only less fre- 
quent but are less costly to make. The fuel efficiency is also funda- 
mentally better. In any type of fuel distribution used in motor 
cars to-day, the division of the gaseous stream decreases efficiency. 
The simple cylinder is the most economical type; and the fuel 
efficiency decreases as the number of cylinders increases. Certified 
tests made on carefully tuned and adjusted cars are often mislead- 
ing, and the result in the hands of the user is the only real criterion. 

Designers of multi-cylinder engines are now at work on much 
smaller units utilizing very high compression. This method was 
tried out about ten years ago and finally abandoned, but with the 
increased technical skill available at the present time, and the 
smaller cylinder sizes, it is possible that something can be accom- 
plished. It is, however, doubtful just how much can be done with 
our present motor car fuel, for the gasoline now available tends to 
partake more and more of the nature of kerosene, and does not lend 
itself exceptionally well to high compression. Recent tests have 
shown that it takes a considerable increase in compression to insure 
a slight increase in the mean effective pressure, particularly at the 
lower speeds. It was also found that the engine with high 
compression does not operate as smoothly as the one with the lower 
compression, while engines having very high compression may show 
better fuel economy during tests in the hands of careful users, it 
does not promise to prove satisfactory for general use. 


QUANTITATIVE MEASUREMENTS AT WASHINGTON 
ON THE SIGNALS FROM THE GERMAN RADIO 
STATIONS AT NAUEN AND EILVESE.* 


BY 


L. W. AUSTIN, Ph.D. 
U.S. Naval Radio-Telegraphic Laboratory, Washington, D. C. 


SiNcE September, 1914, the strength of the signals received 
from Nauen and Eilvese has been measured almost daily at the 
UL. S. Naval Radio Laboratory at the Bureau of Standards. 

The antenna at the laboratory has an effective height of 
thirty metres. It is a flat top, 450 feet long, having two wires 
about two metres apart, 59 metres high at one end and 17 metres 
at the other. Its resistance at the longer wave-lengths is con- 
siderably lower than the one formerly used. 

The circuits used for reception are shown in Fig. 1. The 
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detector is the de Forest audion, with an extra coupling, L,l,, 
for producing local oscillations. The current-flow in the audion 
is naturally unstable, as in the Poulsen are. This instability 
tends to produce oscillations, the period of which is determined 
by the circuit L,/,C,. These oscillations are strengthened in 
the circuit PC,F, and this increased energy is returned to the 
circuit L,1,C, through the coupling L,/,, thus sustaining the 
original oscillations, which otherwise tend to break. 
* Communicated by the ‘Author. Pe 
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In the reception of signals from stations sending out con- 
tinuous oscillations from a high-frequency machine or arc, the 
receiving audion circuit is so adjusted that the local audion 
oscillations are slightly out of tune with the incoming oscilla- 
tions. The combination of the two sets of oscillations produces 
beats of a frequency which can be heard in the receiving tele- 
phones. The pitch of the beats can be adjusted at will by regu- 
lating the amount of detuning. 

The strength of signal is measured by the shunted telephone 
method, in which a non-inductive shunt s is placed across the 
telephones 7, of the audion and reduced until the signals just 
remain audible. If / is the value of the current-pulses in the 
unshunted telephones, and /, the current which is just audible, 


: +s 

I, Ss 
where ¢ is the effective telephone resistance for the given beat 
frequency and s the resistance of the shunt which just permits 


signals to be heard. The ratio | is called the audibility of 


the signal. In an experiment described elsewhere? it has been 
shown that the audibility in the oscillating audion is proportional 
to the current in the receiving antenna, instead of to the square 
of the current, as in the electrolytic, the crystal contact detector, 
and the non-oscillating audion. 

The oscillating audion is calibrated for quantitative measure- 
ments by comparing the audibility of a given signal with the 
deflection produced on a galvanometer attached to a silicon detec- 
tor by the same signal.? The audion and silicon can be alter- 
nately connected to the secondary circuit by a double-throw 
switch, the circuit and coupling being adjusted in each case for 
maximum effect. Just before each experiment the silicon de- 
tector is calibrated by comparison with a thermo-element in the 
artificial antenna. It has been found that when the circuits are 
properly adjusted for each individual bulb practically all de 
Forest bulbs which are not evidently imperfect give about the 


*Journal Washn. Acad., 6, p. 81, 1916. 

7On account of atmospheric disturbances this calibration is made on an 
artificial antenna having the same constants as the real antenna, the signals 
being produced by a second oscillating audion in the laboratory. 
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same sensitiveness. The sensitiveness, however, varies very 
greatly for slight changes of adjustment, so for measurement 
purposes it is of the greatest importance that the adjustment be 
made in exactly the same way. One of the most reliable methods 
is to tune the antenna and closed circuits with loose coupling and 
then, leaving the antenna unchanged, bring up the secondary 
and retune it at the best coupling. Using Baldwin telephones 
of 2000 ohms direct-current resistance and a sensitiveness of 
5 x 10°!” ampéres at 1000 cycles for normal ears, the least audible 
signal represents about 1.5 x 10-'* watts in the receiving system. 
The audibility increases as the square-root of the received energy, 
The proper adjustment of the main coupling appears to make the 
sensibility within wide limits practically independent of the re- 
sistance of the secondary and of the wave-length. 

The results of the observations on Nauen and Eilvese from 
January 1, 1916, to July 1, 1916, are shown in the curves of Fig. 2. 
The earlier observations are not given, since, on account of 
changes in the methods of observation, they are not considered 
properly comparable with the later ones. 

The most striking thing about these curves is their remark- 
able variability, the received current varying from I = 10% 
amperes to 80 x 107% amperes; that is, from about 25 audibility 
to more than 2000 audibility, with the method of adjustment 
used. The cause of these variations is not entirely clear. In 
some earlier experiments * it was thought that probably the varia- 
tions were, toa considerable extent at least, due to observational 
errors, but it seems now fairly certain that under normal condi- 
tions of atmospheric disturbances the limits of observational 
error are 20 to 30 per cent., while in extreme cases the limit may 
be two to one, which will net go far toward explaining these 
large changes in observed current. 

It is now believed that the variation in intensity is due, for 
the most part, to an irregular reflection or possibly refraction in 
the upper atmosphere, which brings to the receiving station 
energy in addition to that which travels along close to the sur- 
face of the earth. It is also probable that there is a certain 
amount of absorption due to the ionization of the atmosphere. 
Marconi has stated that between Glace Bay and Clifden, Ireland, 
the signals are weaker during the presence of marked low harom- 

* Bulletin Bureau of Standards, 7, p. 315, 1911. 
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eter areas between the stations, and the present work seems to 
support his statements to some extent. There seems to be some 
reason to believe that regions where atmospheric disturbances 
are pronounced may be also regions of absorption. 

Professor Sommerfeld and his students have developed a 
theory of the transmission of waves over a good conducting sur- 
face like salt water, which may be approximately expressed by the 
following formula: 4 
hihgI, _ _ 0.0019-d 


(1) 1R=377>GR “se Py 


where /, is the current in the receiving antenna, /s the current 
in the sending antenna, /, and /, the respective heights of the 
centres of capacity of the sending and receiving antennas, A the 
wave-length, d the distance, and F# the resistance of the receiv- 
ing system. ‘The currents are expressed in amperes and the 
lengths in kilometres. The first term of this expression is de- 
rived from the Hertzian theory. The exponential term represents 
the falling off in intensity due to the failure of the waves to 
follow the curvature of the earth. Equation (1) takes no ac- 
count of the possible return of some of this lost energy from the 
upper atmosphere, and it seems probable that this equation is 
fairly correct for the signals on the worst days. The formula 
for received current used by the Navy Department makes use of 
the same Hertzian term as Equation (1), but employs an exponen- 
tial term which was derived empirically from the observations 
made during the long-distance tests between Brant Rock and 
the cruisers Salem and Birmingham in 1909 and 1910.°* 


Iyhol, 0.0015.d 
e~ 


(2) Navy formula IR=377 dR” vs 
This formula was intended to represent the average value ot 
received current over salt water in the day time, and appears, so 
far as can be certainly determined, to give results which are cor- 
rect within the limits of observational error, at least up to 3600 
nautical miles. 
The observations shown in the curves of Fig. 2 were taken 


*A. Sommerfeld, Ann. der Phys., 28, p. 665, 19000; also H. March, /bid., 
37, Pp. 290, 1912; W. von Rybezynski, /bid., 41, p. 191, 193; and J. Zenneck, 
“Lehrbuch der drahtlosen Telegraphie,” p. 204. 

° Bulletin Bureau of Standards, 7, p. 35, 1911, Reprint 159, and Bulletin 
Bureau of Standards, 11, p. 69, 1914, Reprint 226. 
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in general between the hours of 9 and 11 a.M., Washington time, 
and therefore represent the signals transmitted from Germany 
to America when daylight covers the whole path of transmission. 
After sunset in Germany,—that is, when the path of the signals 
lies partly in darkness and partly in daylight,—the intensity of 
reception is often very much weakened, as though there were a 
backward reflection from the shadow wall. 

Very few observations have been taken during the hours 
when the whole path of the signals lies in darkness, but these 
indicate that the variation between day and night at these wave- 
lengths is not greater than that noted on different days.® 

The average observed received current for each month is 
given in the table, as well as the values calculated from the 
Sommerfeld theoretical formula and from the Navy formula. 

The currents as calculated from the theoretical formula are 
seen to be less than one-tenth of the average observed values, 
but if the square-roots of the theoretical values of current be 
compared with the observed curves it is found that some of the 
minimum points are in fairly good agreement. The formula 
developed by H. M. Macdonald* would apparently give even 
smaller values than Equation (1). 

The table shows that the signals during April and May were 
stronger even than during the winter, and that this period of 
strong signals was followed by a very decided drop in June. 
These seasonal variations, as well as the daily variations shown in 
ig, 2, are almost certainly connected with atmospheric changes, 
but these may to a considerable extent take place at heights above 
the ordinary range of meteorological observations. It is possible 
that the decrease in intensity in early summer may be connected 
with the southward movement of the low-pressure area of the 
North Atlantic. It is known that the seasonal changes at great 
heights lag behind the corresponding surface changes. The 

° The well-known increase in strength of night signals is a function both 


of the wave-length and of the distance. Wave-lengths of 10,000 and 12,000 
metres will probably begin to show distinct strengthening at night at a 


distance of about 5000 miles. 

*See Eccles’s “ Wireless Telegraphy,” p. 161, 1016. 

*See W. R. Blair, Bulletin of the Mt. Weather Observatory, U. S. Weather 
Bureau, vol. 6, part 4, p. 179, 1914. 
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study of these relationships, while it is of great interest, must 
wait until more observations are available. 


MoNTHLY AVERAGES OF OBSERVED RECEIVED CURRENT. 


1916 From Nauen, From Eilvese, 

amperes amperes 

TAOIST... 0... eke. 2 RAO 19.5.10—7 
ys POP 10.4 18.2 
ae dane an 20.8 
I 5 oe ca orn ee 29.0 
May... snsaas 33.8 
Pi ee viewkorin See 8.5 
General Average. 14.4 21.6 


CALCULATED. 


From equation (1).... 0.95 1.91 
From equation (2).... 14.3 22.2 
DATA FOR CALCULATION: 
0.0019d 0.0015d 
I hi he d iN : - 
Ampéres Metres Metres Kilo- Metres Ohms % Pr , rr 
metres 

Nauen......... 150% 150 30 6650 12500 124 0.0039 0.058 
AIVOGE. 2.6. 0 140* 150 30 6100 9800 93 0.0045 0.052 


* As given in 1914. 


U. S. Naval Radiotelegraphic Laboratory, 
August, 1916. 


Heat Losses Through Galvanized Roofing. Anon. (The /ron 
Age, vol. 98, No. 8, August 24, 1916.)—Loss of heat through a root 
of galvanized steel sheets is less than through roofing consisting of 
cement and fibrous material compressed to sheets about '%4 inch in 
thickness, according to experiments made last year by the National 
Physical Laboratory at Teddington, England. A model hut was 
built up of walls of cork slabs, 2 inches thick, and a roof of the 
new material or of galvanized sheet iron. The air inside was heated 
by electrical resistance, which was not allowed to get sufficiently 
hot to set up appreciable radiation, and the air was agitated by a 
fan. The air temperature inside differed by 30° F. contrary to 
expectation, the heat losses through the cement, measured per square 
foot, were 20 per cent. greater than through metal, the reason being 
that the emissivity loss from the surface and not from the thermal 
conductivity of the material, is the decisive factor. When the iron 
was painted black the heat transmission increased, becoming equal 
to that of the cement; when the cement slabs were painted with 
aluminum they behaved like the iron. 
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Allowance, Tolerance and Limit. D. T. Hamitron. (Ma- 
chinery, vol. 25, No. 2, October, 1916.) —In manufacturing opera- 
tions the terms “allowance,” “tolerance,” and “limit” are fre- 
quently used interchangeably, although as a matter of fact they rep- 
resent different quantities. Allowance is the difference between the 
diameter of the shaft and the hole it enters to allow for various 
classes of fits, such as drive, push, running, force, etc. Tolerance is 
the difference between the maximum and minimum diameters of 
either the shaft or the hole necessary to tolerate unavoidable im- 
perfections in workmanship. Limit is the amount set above or be- 
low the nominal diameters of the shaft or the hole in order to limit 
the amount of error that can be tolerated. 

For example, suppose it is necessary to make a shaft with a 
good running fit in a bushing. The difference between the nominal 
diameters of the shaft and hole is 0.002 inch. This is known as the 
allowanee. ‘The limits on the diameters of the hole and shaft, re- 
spectively, are -0.00025 inch, +-0.0005 inch, and +0,00075 inch, so 
that the tolerance on the hole is 0.00075 inch, and on the shaft, 0.0015 
inch. For a nominal hole of 1 inch and shaft 0.998 inch, this gives 
a maximum hole of 1.0005 inch and a minimum shaft of 0.99725 
inch, a difference of 0.00325 inch; and a minimum hole of 0.99975 
inch and a maximum shaft of 0.99875 inch, a difference of 0.001 
inch. From this it will be seen that the allowance between the 
shaft and hole is what is desired but seldom obtained. 


The Magnetic Shielding of Large Spaces. E. Wiison and 
J. W. Nicuotson. (Proceedings of The Royal Society, Series A; 
vol. 92, No. A—644, September 1, 1916.) The magnetic shielding 
of a large space is a problem wholly different in practice from that 
of a small space, and in view of important applications, the efficiency 
to which such shielding can be raised is a matter of importance. 
Considerations of mobility of the apparatus and weight of iron 
required necessitate the solution of the problem of maximum shield- 
ing for a given weight of iron, and more than two shells, together 
with an examination of the utility of lamination. 

By the use of 1273 kilograms of high permeability dynamo magnet 
steel, a field of order so low as 3 (10)-* has been obtained in a space 
of 30 centimeters radius, an accurate method of measurement 
designed for fields of lower order being employed. The leakage 
through air spaces in a magnetic shield has been studied and found to 
be more important than is usually supposed. Although polarization 
of the shells still exists to a small extent, it is not of sufficient magni- 
tude to effect any of the conclusions which have been reached. The 
leakage field can in fact be completely isolated from other fields. It 
is now possible to examine the behavior of iron under practically no 
magnetic force. 


THE VITAL RELATION OF TRAIN CONTROL TO THE 
VALUE OF STEAM AND ELECTRIC RAILWAY PROP- 
ERTIES.* 

BY 
WALTER V. TURNER, 
ASSISTANT MANAGER, WESTINGHOUSE AIR BRAKE COMPANY. 


Member of the Institute. 


(Continued from page 462) 


Piston travel, where the type of rigging permits it to vary, is a 
function of the time or duration of brake application, as well as of 
the cylinder pressure. For a condition of four inches false piston 
travel, as shown in Fig. 11, dotted curve 4, in the upper figure, 
represents more nearly what the variation in travel with cylinder 
pressure would be for an actual brake application, for the piston 
travel will not lengthen out immediately. It takes a certain period 
of time for the jolting of the cars and trucks to assist the brake 
shoes to pull down on the wheel treads, as illustrated in Fig. 10, 
and thereby lengthen the piston travel. ‘This is significant, because 
the shocks occur in the early stages of a brake application. Curve 
B in the lower figure shows what the condition portrayed by 
curve 4 means in the way of high cylinder pressures for light 
brake pipe reductions. At the point (6 pounds brake pipe reduc- 
tion) where the brake with the ideal condition of no false piston 
travel whatever is just starting to become effective the single-shoe 
brake rigging with four inches false piston travel has about 21 
pounds cylinder pressure, as shown by curve B. Is there any won- 
der that shocks occur in the long passenger trains of to-day? It 
is necessary to make at least a six- or seven-pound brake pipe 
reduction in order to insure that all triple valves apply and that 
sufficient differential may be set up to release them when desired. 
In the attempt to put the brakes on lightly and avoid shocks, insuff- 
cient reductions are made, with the inevitable result of stuck 
brakes. 

All these things mav be summed up in the following: 

In modern heavy passenger train service, the single-shoe type 

* Presented at a meeting of the Mechanical and Engineering Section held 
Thursday, April 27, 1916 
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of foundation brake gear with inherent false piston travel is re- 
sponsible for: 


1. Rough handling of trains in: 
(a) Starting—violent * taking of slack ” necessary to 
get train under way. 
(b) Slowing down. 
(c) Stopping. 


2. Inability to ** make the time ” because of : 
(a) Hard pulling train—due to dragging brake shoes 
and stuck brakes. 
(b) Long-drawn-out stops—‘ dribbling on” brakes 
in attempt to avoid shocks. 
(c) Delays due to hot journals, stuck brakes, flat 
wheels, and damage arising from shocks. 


3. Unwarranted expense in: 

(a) Excessive fuel and water consumption. 

(6) Reduced capacity of engine. 

(c) Slid flat wheels due to shocks, stuck brakes, and 
shifting of weight from one pair of wheels to 
another. 

(d) Damage arising from shocks, even to the extent 
of break-in-twos. 

(e) Hot journals. 

(f) Burned brake shoes and brake heads. 


Obviously, the way to cure these troubles is not to dally with 
the effects, but to strike back to the underlying causes by applying 
a suitably designed foundation brake gear of the two-shoe-per- 
wheel or “clasp” type. Fig. 12 illustrates the part the single- 
shoe brake plays in giving journal trouble, and the remedy the 
clasp brake affords. It proves that the clasp brake should be 
employed whenever it is necessary to exceed a braking ratio of 100 
per cent. for either emergency or service applications. And if the 
point is taken as here established for the failure of the single-shoe 
brake to be “‘ equal to the job,”’ the need for the clasp brake on 
account of the overloaded brake shoe will have been cared for long 
before it arises. This applies to passenger service only, for in 
freight service, where a comparatively low braking ratio is used, 
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the absolute value of the brake shoe pressures may, nevertheless, 
be such as to warrant the use of two shoes per wheel in order to 
divide the load and reduce brake shoe costs. 


Fic. 12. 


COMPARISON OF SINGLE Snof with CLiasre BRAKE 


| Limiting condition for use of Single 
Shoe Brake is where Ff, resultant 
of weight and braking farce, passes 
43° from vertical center line 
through crown of journal bear- 
ing. This limiting condition occurs 
where braking ratio, P 1 0X 
and center. 8, of brake shoe 
face is 2" below horizontal 
center line If P be increased 
8B must be lowered But if B be 
lowered troubles que to false” 
piston trave/ begin 
There fore, if P Critical point 
reater than | &r oy 
wo% be needed tp ya rnal Bearing 
maintain short bet \ 
T 
Fig | Sincie|SHor Brake —- ~ on 
Clasp Brake must be resorted fo With the Clasp 
Brake, for any position of B, resultant F passes 
airectly through the crown of the yournal bear - 
ng, which is the ideal condition. 


Mey ro fieures | &3 
= Weight resting on rail 
= .94° W, 6% allowance for wheels and axes 
= Actual braking ratio 
= Braking force’= PW. 
= Tangential component of F Brake 
nanger comcides with line 
of direction of JT. 
= Normal component of F 
= Fesulfant force acting on 
journal bearing due fo braking 
forces , F 
A = Final resultant of M&W 
W O5= Critical angle of bearing. 
= 42° 
W OR= Angle of resultant force with 
the vertical. The smaller this angle 
the more desirable will be results 
in train operation With the Clasp [ 
Brake this angle =< o° Fig 3 GiasP Braxe | 
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lasp brake should always be installed when, in order to maintain short stopping dis- 
tances, it is necessary to use an effective braking ratio of 100 per cent. or more. 

For two reasons the foregoing list of troubles, occurring in 

passenger service, do not appear in freight service: First, the 

braking ratio is limited to 80 per cent.; and, second, the type of 
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truck generally used does not permit relative movement between 
the truck frame and wheel. 

In summing up, it may be said that a well-designed clasp- 
brake rigging, such as that shown in Fig. 13, eliminates the single- 
shoe brake evils above scheduled: as no other device can possibly 
do. A more direct comparison may be drawn up between the single 
shoe and clasp types of brake gear by saying that with the clasp 
brake it is possible to have : 

Shorter stops in emergency, due to reduced brake shoe duty. 
Reduced brake shoe wear. 
Reduced brake shoe maintenance. 
No brake shoe dragging—reduced train resistances. 
. Longer trains handled with less loss of time, using same 
motive power equipment. 

6. Fewer delays. 

7. Smoother stops. 

8. More accurate stops. 

9g. Fewer slid flat wheels, due to shocks, stuck brakes, and the 
transfer of load from one pair of wheels to another. 

10. Fewer stuck brakes. 

11. Fewer hot journal bearings. 


BRAKE CYLINDER PRESSURE REGULATOR. 


In order to have some measure of relief from the evils attend- 
ant upon the use of the single-shoe brake, pending the accumulation 
of the funds required in order to meet the sometimes very great 
expense of remodelling trucks to provide for a suitable clasp brake 
rigging, a device has been designed which makes the auxiliary 
reservoir volume a function of the piston travel. The brake appli- 
cation starts with an auxiliary of very much reduced size, which 
keeps down the brake cylinder pressures for light brake pipe reduc- 
tions. The continued outward movement of the brake piston cuts 
in, at predetermined points, additional auxiliary volumes, finally 
giving full service pressure when the proper brake pipe reduction 
has been made. By so proportioning the parts it has been actually 
possible to get a characteristic curve of operation like that of 
curve C in Fig. 11. This provides, as is readily seen, even greater 
flexibility of brake operation than the clasp brake, but, of course, 
all the troubles and losses due to dragging brake shoes remain. 
This new device also arranges for the use of the first small auxil- 
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iary reservoir for all reapplications of the brake after a partial 
release, thereby cutting down the build-up in pressure on that 
retained in the cylinder and making smooth handling of long trains 
at low speeds much more certain. 


GRADE SERVICE. 

The problem afforded the operating departments of our rail- 
roads in the control of freight trains over mountain grades has 
always been far more difficult of satisfactory solution than the 
one arising in controlling passenger trains over similar districts. 
This is obviously because of the comparatively short length of 
passenger trains and their higher and constant braking ratio. 
The manufacture of the ton-mile will, therefore, occupy our atten- 
tion in this phase of train control, and the empty and load freight 
brake will serve well as an introduction. 

In grade service the advantages of the empty and load brake 
are at first glance more apparent than those had for level road 
service in the elimination of shocks. In descending a grade a cer- 
tain percentage of the car weight is acting to accelerate it. This 
portion is equivalent to the percentage grade; that is, on a 2 per 
cent. grade 2 per cent. of the weight of a car on this grade is tend- 
ing to accelerate it. Thus, if the car weighs 100,000 pounds, 2000 
pounds is acting to accelerate it down the grade, and if this acceler- 
ation is not to take place, an equal opposing force must be brought 
into play to counteract the accelerating force. 

The internal friction or resistance of the car provides a part 
of this opposing force. If this resistance be taken as 5 pounds 
per ton, a grade of 5/2000, or 0.25 per cent., is required for the 
accelerating force to just equal the internal resistance. ‘The 2 per 
cent. grade will cause a net accelerating force of 2.0-0.25 = 1.75 
per cent. of the car weight. It is as though the car was without 
any internal resistance whatever and stood upon a 1.75 per cent. 
grade. In figuring train control on grades it is necessary, there- 
fore, to consider the internal resistance of cars, but this is neglected 
in figuring stops, for the reason that many tests have demonstrated 
that in bringing a car to a stop the internal resistance is just about 
equal to the force required to overcome the rotative energy of the 
wheels. In the subsequent formulz given for stop distances vou 
will notice that no allowance is made for either the rotative energy 
of the wheels or the internal resistance. In controlling a car on a 
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grade the rotative energy of the wheels does not change, practically 
speaking, and therefore the internal resistance operates in the 
direction of overcoming the accelerative force due to grade. 

The retarding force set up by the brakes on a car is, in terms of 
car weight, equal to the braking ratio multiplied by the brake 
rigging efficiency and by the coefficient of brake shoe friction. 
Thus if a loaded car equipped with a single capacity brake has a 
braking ratio of 15 per cent., a rigging efficiency of 85 per cent., 
and a brake shoe friction of 15 per cent., the retarding force will 
be 0.15 x 0.85 x 0.15 = 0.01915, or 1.9 per cent. of the car weight; 
that is, this retarding force will just equal a net accelerating force 
of 1.9 per cent., or one due toa grade of 1.9 + 0.25 = 2.15 per cent., 
making the above allowance for internal resistance. But this 
would provide no reserve, no margin for safety or flexibility, 
because it would necessitate a constant cylinder pressure of 50 
pounds (the basis for the braking ratio mentioned) all the way 
down the grade. Leakage, recharging, and the ability to come toa 
stop when desired would be quite uncared for. Considering time 
for recharging, length of train, reserve power for making a stop, 
leakage, etc., the cylinder pressure will average only 30 pounds 
for the entire descent of the grade. This means that the retarding 
force will be only 30/50 of 1.915, or 1.15 per cent., and the maxi- 
mum grade corresponding, 1.15 +0.25, or 1.40 percent. Making 
the same allowances for the empty and load brake, with its load 
braking ratio of 40 per cent., we find the maximum grade to be 


G = 0.40 X 0.85 XK 0.15 XK 30/50 + 0.25 = 3.31 per cent. 


You will notice that these limiting grades stand in approximately 
the same relation as do the braking ratios for the two types of 
brake. In each case approximately the same factor of safety holds 
good; that is to say, the empty and load brake is as safe on the 
3.31 per cent. grade, as the single capacity brake is on the 1.40 
per cent. grade, the only difference being an increase in air con- 
sumption of 17 per cent. for the empty and load brake. 

The empty and load brake will control a train of loaded cars 
on a certain grade with only one-half the air consumption required 
by the single capacity brake with the same train on the same grade. 
This, in itself, shows how marvellously more flexible, more safe, 
and more economical the empty and load brake is. 

The superior air consumption performance and reserve braking 
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force of the empty and load brake may be utilized in several ways. 
The speed of trains down grades may be increased, the speed re- 
striction or limitation now passing from the brake to the question 
of wheel temperatures. ‘The length of trains or the loading of 
cars may be increased, or all these increases made, and still leave 
the reserve in air supply and braking force comfortably great. 
And keep in mind the increased traffic capacity, reduced unit costs, 
and correspondingly increased net revenue that this means. 

It will be appreciated that the reduction of 50 per cent. in air 
consumption in providing an equal braking force is of vast impor- 
tance, that it is of vital importance, from a general operating 
standpoint, when it is remembered that brakes can be operated only 
by creating differentials on the one hand, and by repienishing the 
air brake system on the other. And it should be self-evident that 
to do either increases in difficulty with the increase in quantity of 
air required. \Ve may say, roughly speaking, that this difficulty is 
in geometric proportion rather than arithmetic ; that is, every time 
the quantity of air required is doubled, the difficulty wili increase 
four times. ‘hus it will be seen that the larger the brake cylinders 
and, consequently, the auxiliary reservoirs that must be employed, 
the more difficult it becomes to release the brakes and to recharge 
the brake system. To those who have some idea of what a large 
auxiliary can absorb from the brake pipe and the effect of the 
resistance of a long brake pipe to the flow of large quantities of air, 
what is said above will only add emphasis to their present knowl- 
edge. But to those not familiar with or experienced in this prob- 
lem it may be a revelation to say that with the present 10-inch 
freight brake equipment we have about reached the limit of our 
ability to efficiently operate brakes through the medium of com- 
pressed air, modern train lengths considered. With this state- 
ment properly digested, the importance of employing a brake which 
for a certain retarding force requires less than half the usual 
quantity of air will be appreciated. 

In the matter of coming to a stop on a grade, the stop distance 
will be, other things being the same, inversely proportional to the 
braking ratio; that is, the loaded train equipped with the empty 
and load brake will stop in 15/40, or 37.5 per cent. of the distance 
required by the train with the single capacity brake. 

Fig. 14 sums up in a graphic way the advantage the empty and 
load brake offers in grade work. The train equipped with the 
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single capacity brake, averaging 75 per cent. of the full service 
braking power (average cylinder pressure of 37.5 pounds—an 
assumption really too high), is running away on the 2.3 per cent. 
grade. In less than a minute’s time its speed has increased from 
20 to 30 miles per hour. The train equipped with the empty and 
load brake holds to the constant speed of 20 miles per hour with but 
45 per cent of the full service braking power (average cylinder 


FIG. 14. 
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Graphic summary of the advantages the empty and load freight brake offers for grade ser- 

ice. The train equipped with the single capacity brake is running away on the 2.3 per cent. 

ade. The empty and load brake provides such a braking reserve that the train can be stopped 
from 20 m.p.h.1n short of 500 feet on this grade. 


pressure of 22.5 pounds—a very conservative assumption ), and its 
reserve ie st force enables it to stop from this speed in less 
than 500 feet. 

In discussing car weights a newly designed freight car was 
mentioned of 75,000 pounds empty and 315,000 pounds loaded 
weight, which a prominent southeastern railroad is going to put 
into service in the near future. Only two years ago on this road 
the maximum tonnage per train was 6000 tons in a maximum train 
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length of 80 cars. ‘These limiting conditions were determined 
by the ability of the single capacity brake to control trains over 
the critical district—‘* the neck of the bottle’ for the system— 
which has a grade of 1.5 per cent. With the introduction of a 
limited number of empty and load brakes the tonnage was raised to 
Sooo tons per train. ‘The difficulty now passed to the question of 
adequate length of sidings to care for the traffic volume, which 
was overtaxing the capacity of this single-track line. To provide 
the proper number of sidings of suitable length would be to vir- 
tually double-track the road. The use of the new 240,000-pound 
capacity cars will, however, render possible the operation of trains 
of 15,000 tons, and postpone thereby the double-tracking of this 
line for 25 years, according to the estimate of the railroad people. 
Full credit must be given to the empty and load brake for this 
saving, for it would be absolutely impossible to operate such trains 
of these cars without the use of an empty and load brake. 


VOLUMES OF AIR. 

Particular mention has been made of the air volume limit in 
the capacity of the single capacity brake to control modern freight 
trains. As equipment, both freight and passenger, has become 
heavier and trains longer the volume of air required for control 
of these trains has increased proportionately and the difficulty in 
supplying it in greater proportion. So it may be said that the 
ability to run long trains depends almost entirely on the devices 
which permit the supply of air to reach the brakes on the rear end. 
The difficulty always comes in releasing and recharging the brake 
system, for it is ever a simple matter to make the reduction neces- 
sary to apply the brakes. In other words, it is easy to allow pres- 
sure to escape, but always difficult to build it up. 

In answer to the suggestion that a larger brake pipe be intro- 
duced, it can be said that, while a larger brake pipe would facilitate 
the transmission of air and utilize to good advantage increased 
compressor and main reservoir capacity on the locomotive, it would 
be impossible to increase the size of the brake pipe materially with- 
out disorganizing the whole air brake service, much as the intro- 
duction of the six-foot gauge would disrupt our transportation 
service in general. There could be no satisfactory interchange of 
equipment during the transition period, and the advantages of the 
enlarged brake pipe would not appear until practically every car 
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in the train was so equipped. To obtain adequate main reservoir 
capacity for the present side of brake pipe requires the utilization 
of every available space on the modern locomotive. To increase 
this capacity in order to realize the advantage of a larger brake pipe 
would be to present serious difficulties in the way of locomotive 
design. It is relevant to reconsider the 50 per cent. reduction in 
air consumption effected by the empty and load freight brake in 
this question of brake pipe capacity. 

Modern passenger brake equipment is so designed that the 
pressure restored to the brake pipe serves to release the brakes 
only until the last stages of recharging are reached. With the 
old equipment, which served admirably for short trains of vehicles 
with small air requirements, the brake pipe recharged each brake 
immediately after releasing it. As train lengths and air consump- 
tion per vehicle became greater the head end equipments had more 
and more the tendency to bleed the brake pipe of air as fast as it 
was supplied, with the result that the head end was released and 
almost recharged before the rear end started to release. Modern 
brake equipments employ a supplementary storage reservoir, which 
is used for recharging the auxiliary during the release of the brake 
and for obtaining highcylinder pressure in emergency applications. 

With the modern freight brake equipment (both single capacity 
and empty and load) the high pressure in the head end of the brake 
pipe, when releasing the brakes, causes the release of the head 
brakes to be retarded so that the rear brakes, starting later to 
release though they do, complete their release in practically the 
same time. This prevents the head cars from fully releasing 
ahead of and running away from the rear cars when a release of 
the brakes is made before the train is brought to a standstill. A 
retarded recharge for the head brakes permits the brake pipe air to 
pass on back to operate the rear brakes in a manner very essential 
to the successful operation of long freight trains. The importance 
of the ability to release and recharge the brake system promptly 
can only be appreciated by those who have had to contend with 
delay reports occasioned by control equipment used on trains of 
length and size beyond its capacity. 

Where seconds are golden in the operation of trains, as on 
the New York subway system, the prompt release of a full appli- 
cation of the brakes on an entire train in five seconds with the new 
electro-pneumatic equipment, as compared with the 10 and even 17 
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seconds with preceding equipment, will,prove to be a boon to the 
operating officials of that greatest railway system on earth. As 
retardation does not cease, or full acceleration take place, until all 
the air is exhausted from the brake cylinder, this saving of from 
5 to 12 seconds in time, and even more when retardation is taking 
place, means much to snappy movement of trains. And it is well 
to mention that graduated release flexibility has not been impaired 
in this shortened time for a complete release. 


TRAIN CONTROL FORMULZ. 

Computations with regard to train control have been made at 
various points in this paper, and a summary of all the formule 
is given in Fig. 15. 

You will note that speed does not appear in the gradient for- 
mul. This is because no more retarding force is needed to hold 
a train down a grade at a speed of 40 miles per hour than at 10 
miles per hour. But it is harder to get this retarding force at 
40 miles per hour than it is at 10 miles per hour, because brake 
shoe friction is much less at the higher speed, due to the higher 
velocity of the wheel surfaces and the greater brake shoe heating. 
Therefore, the allowance for speed must appear in the value of 
coefficient of brake shoe friction used. 

The average brake cylinder pressure needed to provide the 
necessary retarding force is the average between all minimum pres- 
sures occurring while the brakes are released (retainer pressures, 
if retainers are used) and all maximum pressures occurring while 
brakes are applied. 

DRAFT GEAR CAPACITY. 

It seems hardly necessary to dwell on the need for draft gears 
of improved shock-absorbing capacity when heavier cars, longer 
trains, locomotives of increased tractive effort, and larger velocity 
differences between cars in a train all point to shocks of ever- 
increasing intensity. It seems to be a very short-sighted policy to 
buy draft gears by the pound without regard for their operative 
characteristics and capacity—much more so, in fact, than the buy- 
ing of fuel with no consideration for its calorific value. 

When all trains are operated with multiple-unit control and the 
electro-pneumatic brake, the need that such careful attention be 
given to the draft gear problem will have passed away. Until 
then, however, it is deserving of careful consideration. 
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SUMMARY OF FACTORS GOVERNING TRAIN LENGTH. 
We have seen that locomotive capacity, length of sidings, 
station platform lengths (for electric traction service), train con- 


FIG. 15. 
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trol, 


and draft gear capacity determine and limit the number of 


cars that can be satisfactorily operated in one train. 


The relation of train control to train length has been enlarged 
upon, and investigation reveals that the air brake art has kept 
abreast of—in fact, always in advance of—developments in all 
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the many other phases of railroad activity. It is well that it has 

been so, for the other developments would have been impossible 
of full realization otherwise. A concrete example is seen in the 
case where the empty and load freight brake is responsible for the 
postponement for 25 years of double-tracking a single-track line. 
The importance of reduced time of serial brake action has been 
made clear, it is hoped, and the part played in this by the develop- 
ment from the first type of automatic brake to those types employ- 
ing the quick-service feature, and, finally, to the perfected electro- 
pneumatic brake, which has reduced the time element, and there- 
fore the shock, to zero for trains of any length and for any rate 
of retardation up to the limit set by the adhesion between the wheel 
and rail, and which is a time-saver of the first order in the way of 
getting the brakes on and in getting them off. Increasing weights 
of vehicles and increasing velocity differences between these 
vehicles in the ever-lengthening trains of to-day make it imperative 
that modern types of brake apparatus be utilized to realize more 
fully the opportunities at hand for increasing the efficiency of rail- 
road operation. 

The importance of uniform release and uniform recharge feat- 
ures of brake apparatus and the 50 per cent. saving in air consump- 
tion provided by the empty and load brake has been dwelt upon in 
the matter of the capacity of the brake pipe, now at its maximum, 
for supplying air to all the vehicles in the train. 

The extreme necessity has been emphasized of employing a 
foundation brake rigging which will permit the full realization 
of locomotive performance in capacity and economy, of the advan- 
tages of all the features embodied in modern air brake apparatus 
and of smooth handling of long trains with a minimum of expense 
and delay. 

In short, the best brake is the one which, in setting up the 
maximum retardation, creates the least velocity differences be- 
tween vehicles in a train, and which has the greatest flexibility 
in providing any degree of retardation from the very minimum to 


the maximum. 
TIME OF STATION STOPS. 


Where traffic demands are continually treading on the heels 
of the supply, any saving in the time a train is held at a station 
to receive and discharge passengers will materially increase the 
train-mile performance of that train. Therefore, the car door 
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arrangement and capacity for ingress and egress of passengers on 
each car should be such as to permit the “ flow” of passengers 
along “‘ stream lines ”’ of the greatest number and least interference 
one with the other. 

The same is true of the station arrangement for dividing up 
this flow and directing it into the proper channels. 

The local conditions as to the number of passengers to load 
and unload will, of course, make the time of station stop a variable 
factor between one point and another. 

Where it is necessary to change the make-up of trains which 
are to continue in regular service, as in interurban and rapid transit 
operation, any device like the automatic car, air, and electric 
coupler, which will make or break all air and electric connections 
simultaneously with the coupling or uncoupling of cars, is a time- 
saver of the first order. 


DELAYS TO TRAINS. 


Obviously, if the yard capacity at division points is such as to 
require dispatchers to delay trains on the road pending the ability 


to receive them at the terminal, improvements made for improving { 
road conditions can profit but little; and similarly with making 4 
up trains and starting them out. 

The relation of defective or inadequate equipment in causing 4 


delays to trains needs but brief mention. The use of archaic 4 
equipment in the way of foundation brake rigging and air-con- 
trolling devices can but promote trouble in operating trains of 
modern weights and lengths. Delays due to stuck brakes, hot ; 
boxes, slid flat wheels (where passengers have to be transferred 
from one sleeper to another in the dead of night), hard pulling 
trains, and break-in-twos are some of the troubles which can read- , 
ily be avoided by paying due attention to the underlying principles 
existing in the relation of train control to train operation. 


ACCELERATION. 


Traffic capacity will depend on the time needed to accelerate a f 
train up to a maximum speed, and this, in turn, will depend upon : 
the motive power, locomotives, steam and electric, and motor ; 
equipments for electric railways. 

The accelerative performance of motor equipments depends on 
a host of things such as design, clearances, etc. Among these are 
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line-voltage regulation and the assistance here rendered by the 
current returned to the line due to regenerative braking in the 
control of trains on grades and in making stops. Selective relays 
operated by differences in the condition of car loading provide 
uniform acceleration, irrespective of whether the car be empty, 
partially or fully loaded. 

The comparative number of motors and trailers in the train 
will, of course, determine the rate of acceleration possible. The 
new cars for the New York Municipal are all motors. The opera- 
tion of all motor trains is the reasonable way to provide for 
maximum traffic, which goes without saying. 

Much has been claimed, and deservedly, for the superheater, 
the brick arch, the feed-water heater, and the mechanical stoker 
in improving locomotive performance in the way of capacity and 
economy. ‘The modern locomotive is really a very efficient 
machine, having a water rate as low as 14.5 pounds, compared with 
8.5 for large steam turbine units. Except at very low speeds, loco- 
motive capacity is entirely dependent upon the ability of the boiler 
to supply steam, and all of these improvements pertain directly 
tothe boiler. In many cases the advantage of these improvements 
in the way of increased tonnage has been cut off by the inability to 
start the trains from rest. It is readily seen, therefore, that 
acceleration is governed by the brake shoe clearance maintained, 
for the harnessing of improved boiler performance cannot be 
realized if the train cannot be started under way. A foundation 
brake rigging which will maintain proper brake shoe clearances 
and thereby eliminate increased train resistances due to dragging 
brake shoes is vitally pertinent to each and every class of railway 
service. 

Conditions of grade will obviously affect acceleration of trains. 
Ascending grades for the approach to stations and descending 
grades for the departure therefrom are of great importance and 
efficiency in improving rates of acceleration and retardation. 
These have been employed on the New York subway at a number 
of points. 


MAXIMUM SPEED. 

Acceleration is the first factor to dictate the maximum speed 
physically possible. The station spacing enters in the way of 
providing or failing to provide, first, the time necessary to get up 
to maximum speed, and, second, the period during which this speed 
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can be maintained before it is necessary to stop, which influences 
the average speed over a division. 

The retardation phase, however, determines what is the safe 
maximum speed. New brake devices, which give for emergency 
high retardation rates over those developed for service operation 
of the brakes, and electro-pneumatic control, which makes these 
high rates possible without tearing up the train, have boosted the 
safe speed to a point which for other reasons railway managers 
do not care to approach. 

In grade service the maximum speed will depend upon the 
reserve braking force, the heating of brake shoes and car wheels, 
and local conditions, such as curvature and changes in grade. 
\Vith the single capacity brake it is necessary to crawl down moun- 
tain grades, because the margin, or breaking reserve, between con- 
trol and a runaway train is so very small. At low speeds the 
coefficient of brake shoe friction is high, making a more efficient 
brake, and the time provided for recharging the brake system, 
before the increase in speed has taken the brake shoe friction to a 
greatly reduced value, is prolonged. The empty and load brake, 
with air consumption reduced one-half and brake effectiveness 
increased two and a half, or more, times, permits materially 
increased speeds down mountain grades. The braking reserve, 
increased anywhere from 500 to 1000 per cent. more, enables 
a stop to be made in a very short distance at any time during the 
descent of the grade, where the corresponding stop with the single 
capacity brake is measured in thousands, instead of hundreds, of 
feet. 

Curves also have an influence on the maximum speed which 
can be made. Slow-downs for curves consume both time and 
energy. 

RETARDATION. 

The relation of retardation to the traffic volume handled by the 
train unit has been discussed at great length elsewhere in this paper. 
Retardation depends, of course, on the maximum speed, because 
the energy to be removed from a moving train in bringing it to rest 
varies as the square of the speed; that is, as the speed is doubled 
the stop distances will be multiplied four times, other things 
remaining constant. 

The energy of a moving car varies directly with the mass or 


weight. Therefore, other things remaining equal, the stop dis- 
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tance will lengthen as the weight is increased. This explains why 
the hand brake is so inadequate for modern car weights. The 
brakeman of to-day is no stronger than the one of yesterday, but 
car weights have doubled, tripled, and even quadrupled. If more 
effectiveness is sought by increasing the leverage, or by applying 
hand brakes separately to each truck, the time element for getting 
the brake into action is greatly increased, which offsets the gain in 
braking effort. 

Every second’s delay in getting the brakes into action means, 
at a speed of 60 miles per hour, the addition of 88 feet to the stop 
distance. To handle the great volumes of air required for modern 
equipment with the least possible loss of time requires the use of 
devices of the most careful and scientific design. 

The questions of brake shoe duty; uniform braking ratio; 
number of cars; serial action; air brake equipment necessary for 
cutting down the times for getting the brakes applied and for serial 
action, and for maintaining a constant braking ratio, whether the 
car be empty or loaded; a suitably designed foundation brake gear 
which will avoid, among many others, that evil in the form of low 
effective retardation due to the attempt to “ dribble ’’ on the brakes 
and avoid shocks—all of these have been examined before. 


RAIL CONDITION. 
When the brakes are applied on a car, each wheel thrusts for- 
ward on the rail with a force equal to the brake shoe friction on 
that wheel. The equal and opposite thrust of the rail against 
each wheel is the force which, applied from a point external to the 
vehicle, causes retardation. Obviously, if a demand of this sort 
is made on the rail in excess of the static or rolling friction (gener- 
ally termed “‘ adhesion”) between the wheel and the rail, this 
friction will fail to keep the wheel turning and the brake shoe 
friction will cause the wheel to slide. The wheel-rail friction, now 
kinetic in nature, will be very much reduced and the actual retard- 
ing force acting on the wheel correspondingly reduced. From this 
it is evident that the braking problem must begin and end with the 
rail. If the condition of the rail surface is bad—which is another 
way of saying that the coefficient of friction is low—the amount of 
brake shoe friction that can be used without causing wheel sliding 
is very much reduced, and likewise the retardation possible. 
As before mentioned, the retardation in percentage (or, what 
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is the same thing, the actual retarding force in relation to the 
weight of the vehicle) is expressed according to standard nomen- 
clature. 


ae 
R= C P ef 


Where the actual cylinder pressure (~) equals the pressure (C) 
used as a basis for the braking ratio (P), this expression is sim- 
plified, thus: 


R=Pef 


Now if 4 be the designation for the adhesion, or coefficient of roll- 
ing friction between wheel and rail, the critical point for wheel 
sliding will be when the retarding force equals the adhesion ; that is, 


ad Pef=A 


The actual value of the adhesion, 4, will vary from 12 to 30 per 
cent., depending upon the weather conditions of temperature and 
relative humidity. With sand on the rail it may run even higher 
than 30 per cent. Taking an efficiency factor of 8 per cent. and q 
an adhesion value of 25 per cent. (which is representative of the 
usual condition of rail surfaces), the braking ratio (P) necessary 
to slide wheels is 


312.5 per cent. 


On the other hand, if the adhesion drops to 12 per cent., due to 
uncontrollable weather conditions, the braking ratio necessary to 


slide wheels is only 


‘ 12 
P= a” 150 per cent. 


If in the latter case the efficiency factor be 24 per cent., the braking 
ratio need be but 50 per cent. to cause wheel sliding. Thus it is 
appreciated that the dependence of the whole problem of braking ; 
comes not, as popularly believed, upon the question of braking 
ratio alone, but upon the values of wheel-rail and shoe-wheel 
friction as well for here we have illustrations of wheel sliding 
with braking ratios varying from 50 to 300 per cent. 


REGENERATIVE BRAKING. 


The difference between a train in motion and a train at rest is 
one of kinetic energy content. In order to bring a moving train 
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to rest it is necessary to remove this energy, and until recently 
the only available means was to cause it to flow from the train 
through the brake shoes in the form of heat energy and to be dissi- 
pated and lost in the surrounding atmosphere. 

As illustrated in Fig. 2 (p. 427), the energy content of a 
modern train, due to greatly increased mass and velocity, is such 
that, could it be properly directed and harnessed, it would carry 
the full load of an 8000-kilowatt power plant for one minute’s 
time. Any means, then, for saving this energy for use in acceler- 
ating trains is an economy of vital importance. Electric operation 
of trains provides an opportunity for effecting this saving in that 
suitable motor control apparatus can direct the driving effect of 
the moving train to operate the motors as generators and return 
thereby the kinetic energy of the train to the line in the shape of 
electrical energy. ‘This is regenerative braking. In addition to 
the energy saving, wear and tear on car wheels and brake shoes is 
avoided. 

However, contrary to the expectations of the uninitiated, the 
need for modern air brake installations is just as pressing with 
regenerative braking as without it, for otherwise, in event of any 
failure in the line or in the motor equipment, the train would 
be altogether uncontrolled. Moreover, where regeneration is em- 
ployed with the electric locomotive, the responsibility for control 
is vested in one or two units, and a failure of one or both means 
a failure of half or all the power to control. On the other hand, 
with an air brake equipment on every car in the train, a failure of 
one, two, six, or ten units (depending on the total number in the 
train) will be of relative insignificance. 

Thus it is apparent that to realize the best economies in the 
control of freight trains down mountain grades with the regenera- 
tive brake it will be necessary to employ the empty and load brake 
in order to provide the braking reserve indispensable to speed and 
safety. Otherwise, if the single capacity brake is employed and 
the safe speed for this type of brake is exceeded at any time during 
regeneration, a failure of the regenerative brake means a runaway 


train. 
The subject of regenerative braking is worthy of a paper in 
itself, but the foregoing sketch will suffice for the purposes of this 


general treatise. 


Nov., 1916] VitTAL RELATION OF TRAIN CONTROL. 633 


SYSTEM OF TRAINS. 
HEADWAY OR SPACING OF TRAINS. 


The fundamental consideration for the headway or spacing of 
trains is the element of safety. Safety of operation in turn de- 
pends upon the possible retardation or ability to stop; the maxi- 
mum speed; and the installation and characteristics of signal 
apparatus. These factors are arranged in order of relative im- 
portance, though, of course, each is closely bound up in, and not 
to be dissociated from, the others. 

The minimum headway for the movement of trains may be 
determined in two different ways. One method is to base the 
proper time interval between trains on a system of trains running 
at maximum speed. The other is to base this time spacing on the 
closing-up of trains at stations. The method of these two which 
gives the larger minimum headway must be the one to use for the 
conditions in question, for, obviously, of two critical values the 
safer, which is the larger, must always be chosen. 

In the subsequent analysis certain assumptions are to be under- 
stood, namely: straight and level track with no irregular local 
conditions and carrying traffic in one direction only ; a block section 
equal in length to twice the emergency stop distance from the 
maximum speed; stop distances proportional to the square of 
the maximum speed ; duration of retardation directly proportional 
to the maximum speed. 

It is needless to attempt an investigation of this kind with a 
thousand-and-one variables. The modifications necessary to 
apply the results herein established to special conditions of grade, 
curvature, interlockings, and other local conditions will be appar- 
ent, once these results are understood. The above assumptions 
are sufficiently accurate in every respect to make worth while this 
analysis of the factors influencing headway for train movements. 

No attempt will be made to deal with the laying out of a signal 
system for the system of trains here considered. These data can 
be found elsewhere, a couple of very good treatments of this propo- 
sition being found in Mr. H. G. Brown’s paper, “ The Signalling 
of a Rapid Transit Railway,” read before the Institution of 
Electrical Engineers in April, 1914, and in Mr. M. L. Patterson’s 
article, ‘‘ Methods of Locating Automatic Signals,”’ in the Rail- 
way Signal Engineer for February, 1916. 
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In general, trains running at speed should be spaced by a 
distance equal to the sum of : 


The length of the train. 
The length of the complete block section. 
The distance between the distant and home signals. 
4. The distance sufficient to permit the signal to clear and the 
engineman to identify the signal indication. 


In the New York subway the overlap system of signals is used, 
which provides for two home signals and one distant signal pro- 
tecting the rear of each train. In order to give each following 
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train a clear distant signal (and this should be the normal con- 
dition), the complete block section plus the distance between the 
distant and the second home signal should be taken as three times 
the length of a block, or as six times the emergency stop distance. 

The distance spacing for this system is illustrated in Fig. 16. 
Constant C (item 4 in the list above) may be a given distance or 
a given time. If taken as a constant distance, the time will vary, 
of course, according to the speed. The time spacing or headway 
between trains will be the time necessary to run this total distance 
spacing, or, expressed mathematically, 


6Sp+NL+Cy 
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where: 
H p = headway determined by running at speed (seconds); 
Sp = emergency stop distance (feet) from 


V =maximum speed (mph); 
Cys = space constant (feet); 
N = number of cars in train; 


L = length of each car (feet). 

\\Vhile the kinetic energy of a train varies directly with the 
square of the speed, the retarding force, due to the brake shoe 
friction, is decreased with an increase in speed. On the other hand, 
the initial or reflex time required for getting the brakes into 
action—constant, of course, for any speed—is of decreasing im- 
portance, relative to the total time for stopping, as the speed is 
increased. It is found that the influences of these two factors, 
reflex time and brake shoe friction, are approximately counter- 
active, and, therefore, the stop distance will vary directly with 
the square of the speed; that is, the braking distance will equal 
some constant times the square of the speed. Whence, substi- 
tuting in (1) 

kV?+ NL+C, 


(2) Hr = 1.467 V 
” é 


lf the allowance C, as illustrated in Fig. 16, be taken as a time 
instead of a space constant to permit signals to clear and motorman 
to identify them, (2) becomes 


kV?+ NL 
1.467 V 


s 


(3) Hp = 


Solving (3) for ’, we have in quadratic form 


/ (Hp—C)  V215\Hp —C,)*-4kNL 
(4) V = .733 k = = 
The curves for the relation between H, and V as expressed 
by (2) are plotted in Figs. 18 and 19 and those for (3) in Fig. 21. 
Curves for train lengths of zero, 335, and 670 feet are shown, 
and for each there is a critical speed for the minimum headway ; 
that is, for each length of train there is a critical speed above or 
below which a headway obtains greater than that at the critical 
speed. A curve giving the locus of all such critical points for 
every length of train is indicated on both Figs. 18 and 21. The 
headway increases for speeds lower than these critical points be- 
cause the length of train is of increasing relative importance ; that 
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is, the length of train, with decreasing speeds, more nearly 
approaches the length of the block section—it being kept in mind 
that the latter is always a function of the speed under these con- 
siderations. The headway increases for speeds higher than the 
critical value because the braking distances and, therefore, the 
block sections are longer, increasing as the square of the speed, 
while the time required for covering a certain distance decreases 
in inverse ratio only directly as the speed. 

The headway determined by closing-up at stations is illustrated 
in Fig. 17, and a comparison made with the headway determined 
by running at speed. The progress of two trains, B following A, 
from one station to another is traced by the lines F and R. These 
lines mark the progress of the front and rear ends of each train 
on a time-distance basis. Train B is shown just having left the 
first station at the time (70 seconds) after train 4 has advanced 
from this station about 3000 feet and is running at full speed. 
Train A stops at the second station, 4160 feet from the first, at 
about 96 seconds after leaving the first. After a station stop of 
20 seconds as shown, it starts again for the third station (not 
shown). 

Curve D (dotted) marks the danger zone inside which the 
head end of train B must not come if the rear end of train A is to 
be safe. This zone is based upon the service braking distances for 
the speeds at which train B is running under normal operation 
at the particular points in question along the right-of-way. Curve 
F ,, is tangent to curve D at point c where braking must begin for 
the stop of train B at stationtwo. The time interval between this 
critical point for train B and the corresponding point d for train 
A is the headway (H,) determined by trains closing up at stations, 
and is seen to be the sum of: (1) the time to make the service 
stop (7s); (2) the time the train is held at the station (7 w) ; 
and (3) the time required to accelerate one train length (7), ). 
This is the limiting or critical value for the headway and cannot, 
of course, be realized in actual practice, because, among other 
things, the time of station stop will change with the varying num- 
ber of passengers to be handled. Suppose, under the condition 
shown, the time of station stop for train A had been lengthened 
five seconds. This would cause an intersection of curve D with 
F, at t, requiring that train B start braking at this point and 
advance to the usual station stop at point v, as indicated by curve 
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T. In this case the initial delay of five seconds has resulted in a 
final delay of 18 seconds. This would react correspondingly on 
the trains following B, causing an ever-accumulating delay until 
the whole service would be disorganized. The actual headway for 
service must allow a comfortable safety factor to avoid troubles 
of this kind. However, for the purposes of comparison, the 
theoretical minimum for headway will be used in every case unless 
otherwise noted. 

Examination of the three factors that go to make up the head- 
way based on closing-up at stations reveals that, with the assumed 
conditions of speed (40 miles per hour), service braking distance 
(580 feet) and time (16 seconds), and time (27 seconds) to 
accelerate one train length (670 feet), the time for service braking 
is only 25 per cent., the time of station stop 32 per cent., and the 
time to accelerate 43 per cent. of the total headway of 63 seconds. 
The recent improvement made in the electro-pneumatic brake in 
reducing by two seconds the reflex time for brake application still 
further diminishes the comparatively slight interference which the 
modern brake offers to the proposition of operating trains without 
any headway at all. In other words, the air brake art, as exempli- 
fied in rapid transit service, has come to that stage of perfection, 
has so far maintained its lead in advance of the other factors enter- 
ing into the movement of trains, that a 10 per cent. improvement 
in the brake performance would now result in only 2.5 per cent. 
betterment in the total headway ; whereas, a 10 per cent. improve- 
ment in the acceleration would mean a 4.3 per cent. reduction in 
headway, or almost twice the saving. Do not make the mistake 
of believing that the part of the brake here resembles a 10 per cent. 
saving in the cost of brass buttons for the conductor, which results 
in a net overall saving in operating expenses of one ten-thousandth 
»f one per cent. or less. It should not be necessary to emphasize 
the fact that the ability to move trains at all depends upon the 
ability to control them. When it is considered that the brake 
equipment in the same subway service in 1906 required 41 seconds 
and 1450 feet, with no measure of the same application flexibility 
and no release flexibility whatever, to make the stop now requiring 
but 14 seconds and 500 feet, the significance may be better grasped 
of the above comparison as to realization of opportunity and 
fulfilment of economic trust in the development progress of the 


air brake. 
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Curve S, Fig. 17, represents the time-distance path of the 
front end of train B following A on a headway (Hg ) of 51 
seconds, determined by running at the maximum speed of 40 miles 
per hour. This is 12 seconds less than the headway (H, ) deter- 
mined by closing-up at stations. Therefore the latter must gov- 
ern; for note that curve S enters the danger zone at a, and if train 
B were permitted to continue as indicated by S, it would come 
within 40 feet of train A at b. Were anything to detain train A 


Fic. 18. 
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A detailed analysis and comparison of the two methods of figuring headway; one based upon 
**closing up"’ at stations, and the other upon ‘‘running at speed.”’ 


by one second or more, either at the station or after starting 
therefrom, a collision would be the result. Were braking to 
commence on train B at point a, due to a proper signal observance 
of the danger zone, the initial delay of 12 seconds would be multi- 
plied into a final delay several times as great. 

A more detailed analysis of the relations between the head- 
ways H, and H, may be found in Figs. 18, 19, and 20. Fig. 18 
gives a complete development of the various factors which go to 
make up the two species of headway. The time for accelerating 
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different train lengths is given by the formula in the legend, and 
also graphically on Fig. 26. Some of the bases in the way of 
braking distances and times appear on Fig. 17. 

Fig. Ig is a summary of results taken from Fig. 18. The 
heavy lines represent the “running” headway (H,), and the 
light lines the “ station” headway (H,). The dotted lines are 
for zero train length; the dash and dot lines for a train length of 
335 feet; and the full lines for a train 670 feet long. Curves for 

Fic. 19. 


COMPARISON oF THE Minimum Headway FOR MovEMENT OF TRAINS 
DETERMINED By CLOSING-UP AT STATIONS Wirn THaT DETERMINED 
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A summary of the results of Fig.18. For speeds below a critical value (which is higher as 


the train length is increased) the headway based upon ‘‘closing-up”’ at stations will be the larger 


and therefore the determining value for the spacing of trains. 


zero train length are given to show what the limiting conditions 
are when a train is considered as a point only. Curve L gives all 
points where, for any train length, Hp equals H,; that is, it 
relates the speeds and these equal headways for any train length. 
Thus for a 335-foot train length H, is greater than H,, and 
will, therefore, be the governing headway for all speeds under 
63 miles per hour. At that speed the two headway curves cross 
and mutually indicate a headway of about 64 seconds. Above this 
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speed H, is the greater and must, therefore, be the governing 
headway. 

Fig. 20 gives the relation between train length and head- 
way for various speeds. The dotted lines show the variation 


FIG. 20. 
Fre.arion Between Meapway AND Train LENGTH FOR 


DIFFERENT SPEEDS SHEET N92 4 
ConraRe with SxceT 3. Data TAKEN FROM SHEET 2. 


I, = Minimum headway, sec. determined by “closing-up" at stations. 
Hp= Minimum headway , sec., defermined by running at speed, per sheet 2, 


: for a specd of 40 mph, Mp / | 
is the governing headway fr / | 
700-—— train lengths less than 30 feet ; 
3 Ns governs for greater train / i 
+— 679 — —_— f a 
lengths. / 

Vmilarly a train length of 
—__—620 feet is the point of } 
change from Hy, to Hs, for / 
a speed of 70 mph. / 


| | 


ie. 


MPH mm 


w 
9 
Ng 
{ 
~ 
> 
NO 
x 
Ss 
N 
© 
~N 
S 
NS 


Dy A, 


< 
~ 


, 


Wp ~70 


Li 


! 
} 
| u 
10 30 40 50 60 
Headway - Seconds 


a 


50 


~~ 
° 


MINE ON Laan omeee 
of running headway with train length, and, similarly, the full lines 
for station headway. As the speed is higher the dotted lines 
become more and more erect, showing that the train length becomes 
of decreasing relative importance for the higher speeds; that is, a 
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change in train length affects the running headway less as the speed 
becomes higher. Not so with the station headway, however, for 
a change in train length naturally affects the time to accelerate that 
distance by a constant amount, unless the speed be lower than that 
ordinarily attained by the train at the time it has accelerated a 
distance equal to the train length. Under such a condition, after 
the train has attained it, this speed must be continued for the 
balance of the train length, which, of course, lengthens out the 
time for the train to move from rest a distance equal to its own 
length. This explains why as the speed decreases below a certain 
critical point the curves for H, in Fig. 19 and for (H, —T yw) 
in Fig. 18 turn to the right, indicating increasing headways for 
decreasing speeds. For a train of zero length the time to accel- 
erate that distance is, of course, also zero, and, therefore, the 
H, curve for this length of train does not swerve to the right, 
but continues to decrease with decreasing speeds. 

Curve L, Fig. 20, is the locus of all points where H, andHp 
are equal; that is, H,and Hp are both equal to 74 seconds for a 
train length of 620 feet and a speed of 70 miles per hour. Curve 
L joins all such points. 

The two curves L, Figs. 19 and 20, taken in conjunction with 
the other curves, describe in a very complete manner the relative 
jurisdiction of the two headways, “ running ”’ and “ station,” as to 
the point where one takes precedence over the other. They reveal 
that improvements in the way of higher rates of acceleration, 
reduced time of station stops, and higher maximum speeds will 
cause the running headway to be the determining factor over a 
wider range of train operation in the way of increased train 
lengths. Improvements in brake effectiveness (higher retardation 
rates ), though they may affect both service and emergency braking 
in the same proportion, will nevertheless reduce the “ running’ 
headway to a much greater extent than they will the “ station ” 
headway, because of the former’s larger dependence upon the 
braking factor. These improvements in braking will, therefore, 
have an effect opposite to the above by making the station headway 
the determining factor over a wider range of train operation in the 
way of increased speeds and longer trains. 

An isolated example appeared in connection with Fig. 17, 
where an initial delay of 5 seconds to a train was multiplied into 
a final delay of 18 seconds. Fig. 22 has been prepared to portray 
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more generally the relation of various rates of uniform retardation 
and acceleration to multiplication of initial delays in train move- 
ment into final or resultant delay. By “ initial” delay is here 
meant the difference between the time a train passes a certain spot 
Fic. 21. 
FELATION BETWEEN SPEED AND THE MINIMUM [IERDWAY 
Gusep UPON. RUNNING AT SPEED, SHEET _N® J. 
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The allowance for signals to clear and for enginemen to identify their indication may be 
taken in terms of distance or of time. This shows the result where the allowance is made in lime. 
Fig. 18 makes the allowance in distance. This applies only to “‘running’’ headway, of course. 


at the lowest speed to which it has had to slow down and the time 
it would have passed this spot had it continued at maximum speed. 
Thus, if a complete stop is made from 40 miles per hour in 18 
seconds (a retardation rate of about 10 per cent.), the initial time 
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lost is not 18 seconds, but only 9, for it takes the train 9 seconds 
to traverse the stop distance at full speed. If it takes 40 seconds 
to return from rest to full speed at a uniform acceleration of one 
mile per hour per second, the delay this occasions is not 40 seconds, 
but 20, for it takes 20 seconds to traverse the acceleration distance 
at full speed. The total delay to this train, then, for an initial 
delay of 9 seconds (which just brings it to a stop) is 20+9= 29 
seconds ; that is, the initial delay of 9g seconds has been multiplied 
a little over three times. The time the train remains at rest is 
added, of course, to the initial and final delay alike. 

Chart I in Fig. 22 compares the effect of various retardation 
rates on this delay multiplication when the acceleration is constant. 
\With the higher retardation rate braking can commence later, 
other things remaining equal, and effect the same result obtained 
by the lower rate of retardation. Inthe comparison made between 
a 6% per cent. and a 10 per cent. retardation, the latter was, there- 
fore, given an advantage of 1.8 seconds, determined by con- 
struction as shown in the main figure; that is, the 624 per cent. 
train had to retard 1.8 seconds before it was necessary for the 
10 per cent. train to start retardation. However, the curve for 
the latter (Chart I) crosses the former twice, first overtaking it 
(the 62% per cent. curve) because of greater effectiveness and then 
receding from it beyond the jog in the curve because of coming 
to a full stop in reduced time. The two curves finally parallel 
one another, with a final delay difference of two seconds in favor 
of the better brake. The dotted curve makes the comparison 
without allowing the 1.8-second handicap. 

A tabulation is given illustrating the method of using the data 
taken from the dimensioned main curve to relate the initial to the 
final delay. The example given is the one involving constant rates 
of retardation and acceleration of 10 per cent. and 4.55 per cent., 
respectively. The other rates are handled in similar fashion. 

Chart IT shows the relation between various rates of accelera- 
tion in this matter of multiplying initial into final delay, with the 
rate of retardation constant at 10 per cent., in order to have but 
one variable in the problem at atime. Up to the point of coming 
to a complete stop (indicated by the jog or turn in each curve) the 
10 per cent. acceleration rate gives a multiplication factor of two, 
the 4.55 per cent. (one mile per hour per second) a factor of 3.3, 
and the 2.25 per cent. rate multiplies the initial delay by 5.9 into 
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the final delay. As is to be expected, the better the acceleration 
the less the final delay. 

Any speeds other than 40 miles per hour may be investigated in 
like manner for delay multiplication. The lower the speed the 
less the multiplication will be, other things remaining the same, 
for, obviously, the less retarding and accelerating there will be to 
do. The reverse is true of higher speeds. 

The value of the new electro-pneumatic brake may now be well 
appreciated in its saving of 2 seconds in reflex time of brake 
application (time from brake valve handle movement to rise in 
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GRAPHICAL ULUSTRATION OF WHAT THE SAVING IN MEFLEX TIME OF 
DRAKE APPLICATION AND WMELEASE MEANS TO THE OPERATION OF TRAINS 


brake cylinder pressure) and its release of the brakes in 5 as com- 
pared with from 10 up to 17 seconds. This time saving amounts 
to from 5 to 12 seconds for release and, adding the 2 seconds 
application saving, the total saving is from 7 to 14 seconds. In 
slowing down for a signal it is as necessary to get the brake off as it 
is to get it on, under operating conditions where the second is the 
unit of time schedule. And the delayed necessity for applying the 
brakes may mean in many cases no necessity for applying at all, 
because the signal may go to “clear” within the 2 seconds which are 
saved in reflex time. Therefore, the total saving in initial delay of 
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from 7 to 14 seconds means a final total saving of anywhere from 
14 to 40 seconds resultant delay, depending on the multiplication 
factor applying in the particular case. If the minimum saving of 
7 seconds be taken with the acceleration rate of one mile per hour 
per second, which is higher than actually realized, and with a 10 
per cent. retardation rate, according to Chart II, Fig. 22, the sav- 
ing in final delay is about 23 seconds. A 23-second initial delay 
for the following train is multiplied into 43 seconds final delay, 
and this, as initial delay for the third train, becomes 63 seconds 
initial delay for the fourth train, and so on. The significance of 
the 7-second saving becomes apparent in its cumulative effect 
on succeeding trains. This presupposes, of course, that trains 
are following each other under minimum headway, and the neces- 
sity for allowing a delay, or safety, factor in the headway actually 
used is again emphasized. 

Fig. 23 is a graphical illustration of the foregoing points. It 
is not drawn to scale, but supplements Fig. 22 in picturing the time 
lost before a train which has slowed down can get back to speed, 
and the value of a brake which eliminates reflex time to the 
maximum degree. 

To compare the traffic capacity theoretically possible in 1906 
on rapid transit lines in New York City with that now possible 
Figs. 24 and 25 were prepared. Fig. 25 shows a gain of 350 
per cent. in traffic performance. This is a comparison of 300,000 
with 1,350,000 people handled daily. Though the absolute values 
of these curves are not of any actual state of affairs, because 
account is not taken of local conditions and practical operating 
allowances, they are interesting for the theoretical maximum 
limit which they point out. Nevertheless, for comparative pur- 
poses they are of as much meaning as though they were, in the 
first place, practical instead of theoretical values. 

The traffic capacity unit of these curves is the train-mile (or 
passenger-mile) per second per second. This is an acceleration 
unit representing the tmcrease in traffic handling facilities which 
can be made in unit time to care for the peak loads of rush hours. 
This acceleration unit is found by dividing the average or schedule 
speed over a given distance (including station stops) by the head- 
way. If the average speed, Vs, be in miles per second and the 
headway, /H7., be in seconds per train, the quotient will be “ train- 
miles per second per second.” The corresponding unit, “ passen- 
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ger-miles per second per second,” is found by multiplying the 
train-mile factor by the train capacity in passengers. This factor 
stands in the same relation to train-miles and time that accelera- 
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tion, as generally known, stands to space and time. Thus, where 
velocity equals acceleration times the time, the number of train- 
miles per second operating at any instant equals the traffic accelera- 
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tion factor multiplied by the time during which it has been in play. 
Of course, aftera railway system has become completely filled with 
trains a maximum velocity, or number of train-miles per second, 
has been attained and more trains cannot be introduced; also, as 


Fic. 25 
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The results of Fig. 24 are here shown in terms of passenger-miles per second per second. Due 
the use of modern train control equipment, it is possible to introduce 350 per cent. more traf- 
-handling facilities in a certain period of time than was possible in 1906. 


20 


the number of points for introducing trains is increased the por- 
tion of the entire railway system per point is decreased and, there- 
fore, the time for filling to maximum capacity is also decreased. 
In this discussion it is to be understood that the term “ railway 
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system ” applies to that portion supplied from one point. Many 
interesting analogies will come to mind in the consideration of 
this newly evolved acceleration factor, of which extended dis- 
cussion will not be here made. Mathematically these analogies 
may be summed up: 


SPACE TRAFFIC 
I. v=vo-+at 1. V=Vo+At 
2. s=vot + at 2. M = Vot+4AP 
3. V=% + V2as 3. V= Vot++/24M 
where: where: 
v = velocity, feet per second. V = train-miles (or passenger- 
miles) per second. 
a = acceleration, feet per sec- A = train-miles per second? = it 


ond?. Vs = average speed over district, 
miles per second. 
Hs = headway between trains 


seconds. 
¢ = time, seconds. t = time, seconds. 
s = space. feet. M =train-miles (or passenger- 
miles). 
Vo = initial velocity at begin- Vo= M per second at beginning 
ning of time, ¢. of time, ?. 


In 1906 PM brake equipment was in use, which set an operat- 
ing limit to train length of six cars. These cars were 51 feet in 
length. ‘To-day the electro-pneumatic, empty and load, brake 
(designated AMUE — E&L) is the last word in control equipment, 
which sets no limit as to train length, but station platforms can 
accommodate trains not longer than 1067-foot cars. The car 
capacity then was 143 passengers, as compared with 260 now— 
an improvement due in no small measure to the empty and load 
feature for uniform rates of retardation and acceleration irre- 
spective of the condition of car loading. 

For different conditions of uniform station spacing the 
schedule or average speed (ls) in miles per second will be deter- 
mined by the distance from one station to the next in miles, divided 
by the sum, in seconds, of the times of: acceleration, running at 
maximum speed, deceleration, and station stop. Figs, 26 and 27 
give, for the old and new conditions, the acceleration character- 
istics used as bases in the comparative traffic capacity curves of 
Figs, 24 and 25. 

The basic times and distances for braking are, for the 1906 


Nov., 1916] ViraL RELATION OF TRAIN CONTROL. 651 


(PM) equipment : 650-foot emergency stop in 21 seconds; service 
stop in 1470 feet and 40 seconds—both from 40 miles per hour. 
As seen from Fig. 27, the maximum speed does not exceed 28 
miles per hour. The corresponding stops from 40 miles per hour 
for the 1916 (AMUE) equipment are: 380 feet in 11 seconds for 
emergency, and 580 feet in 16 seconds for service. For all other 
speeds the braking distances are assumed to vary as the squares of 
the speeds and the times directly with the speed. The time of 
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station stop is taken in every case as 20 seconds. The “ station ” 
headways (Hs) of Fig. 19 are the values used for the modern per- 
formance shown by Figs. 24 and 25. Headways similarly deter- 
mined are used for the curves of 1906 train operation. 

Fig. 28 compares the “ running ” and “ station ’’ headways for 
modern equipment with those of 1906. The train length for each 
case is approximately the same, which eliminates any uncertainty 
due to the influence of this factor. The minimum “ running” 
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headway required for modern operation is only from 63 per cent. 
(at 60 miles per hour) to 65 per cent. (at 30 miles per hour) of 
that required for 1906 operation. The minimum “ station " head- 
way required varies from 63 io 72 per cent. in like manner. All 
of this may be summed up by saying that modern train control 
equipment has cut down the minimum headway required for the 
movement of trains to less than two-thirds of that required ten 
years ago. 
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It is seen from Figs. 24 and 25 that as the station spacing is in- 
creased the traffic acceleration is also, which means, in turn, that 
the traffic volume for any given period is enlarged. This is for 
the reason that the time spent running at the maximum speed be- 
comes a larger portion of the total time a train is on the road, and 
the average speed over a given district becomes correspondingly 
higher, as the station spacing is increased. The practice of having 
trains stop at alternate stations or groups of stations—‘ skip ” 
stops, in other words—is based on this relation. 
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These curves also show that as the maximum running speed is 
increased the traffic acceleration becomes greater, but at a decreas- 
ing rate, until finally, at some critical speed value, it actually starts 
to fall off with a continued increase in speed. This is best illus- 
trated by the curves for one-half-mile station spacing. The criti- 
cal speed for the 1906 equipment and this station spacing is about 
25 miles per hour, and that for the modern equipment about 35 
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The minimum headway required for train operation to-day is but two-thirds of that required ten 
years ago, due to the introduction of modern control equipment. 


“Station” headway (H 5) determined as on Fig. 18. 

“Running” headway (H p) determined as on Fig. 21. 

Figs. 26 and 27 are the bases for acceleration values. 
miles per hour. To operate at speeds greater than these 
critical values is actually to reduce the traffic acceleration and 
correspondingly the traffic capacity. As the station stops 
are spaced farther apart this critical value for speed becomes 
greatly increased. The eg for this peculiar relation is that 


the traffic acceleration (- a): though directly proportional to the 


average speed Vs which Tecteisih with an increase in the maxi- 
mum speed, is inversely proportional to the headway, Hs. A point 
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is finally reached where the increase in headway, Hs, due to higher 
speed is proportionately greater than the increase in average 
velocity, Vs, and the net effect on the quotient is to lower it. That 
is to say, the gain in average speed due to increased maximum 
velocity is more than offset by the increased headway, actually 
causing a lessened rate of traffic acceleration. 

The relative performance curves on Fig. 24 show that modern 
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brake apparatus as compared with that of 1906, has permitted an 
increase of 50 per cent. in the number of trains to be handled with 
the same roadway facilities in the way of number of tracks. While 
it is true that the modern motor equipment provides a higher maxi- 
mum speed and a rate of acceleration somewhat better (14 miles 
per hour for the first 10 seconds, as compared with ro miles per 
hour—see Figs. 26 and 27) the train length is also greater, con- 
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tributing toward an increased headway for the modern condition, 
other things remaining equal. This increased train length means, 
however, more passengers per train; therefore, the best overall 
comparison is found in the relative passenger-mile performance 
curves of Fig. 25. These show a gain in capacity of from 300 to 
350 per cent., due to the use of modern equipment, with unchanged 
roadway facilities. This great advance in the transportation ser- 
vice, and, therefore, in the value of the railway properties which 
carry this service, depends on, more than on anything else, the 
strides made in the science of train control. For the present 
status of this science has rendered possible high rates of retarda- 
tion started in trains of greatly increased length with a minimum 
loss of time, heavy cars with a large load capacity, and greatly 
reduced headway between trains. 

Figs. 24 and 25 are based on the so-called old AMUE brake 
equipment, which involves an application reflex time of two sec- 
onds more than the latest equipment. The curves were prepared 
before this recent improvement was made and are, therefore, 
already not quite up to date in portraying the traffic capacity now 
possible. 

lig. 29 pictures the strides which have been made by the New 
York Interborough Rapid Transit Company in the number of 
passengers handled daily since its inception in 1904, and serves 
well as an interesting practical summary of the vital relation of 
train control to the value of railway properties. 


CONCLUSION. 


Trains cannot be moved unless they can be controlled. To 
turn loose the tremendous power of modern locomotives without 
adequate means for controlling it would be similar to generating 
a high steam pressure without suitable provision for containing 
it. The effectiveness of control will determine the speed and num- 
ber of trains. It will determine the number of cars which may be 
successfully operated in each train, as well as their weight and 
variation in weight from the empty to the loaded condition. 
The word determine has been used. But, as a matter of fact, the 
advancement in the science of train control, arising in the types of 
apparatus designed to meet ever-changing requirements, has kept 
pace with, and is actually abreast of, the increasingly severe oper- 
ating conditions. Therefore, the advancement in railroad effi- 
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ciency, which in this respect has placed us ahead of every other 
nation on the face of the globe, has been permitted, rather than 
determined, by the progress made in train control equipment. 

Further advancement will also be permitted in just the same 
degree that the railroads continue to avail themselves of the advan- 
tages offered by modern equipment for train control; that is, 
amazing strides in furthering the economic worth of railway 
properties, to the public and stockholders alike, can be made by 
applying intelligently to the science of train control for solution 
of the weighty traffic problems of this day. 

The attempt of this paper has been to point out more the 
potential value of, rather than the absolute necessity for, improved 
types of train control apparatus. This is not intended to be a 
claim that increasing the capacity of a railroad by any means will 
increase the supply of business, whether the means be double- 
tracking, improved methods of train control, or any other. In- 
creased capacity for a railroad no more increases the business of 
the railroad than does the enlarging of a tank increase the water 
it originally contained. Putting in a second pipe line does not 
add to the content of an oil well—it merely makes possible the 
transportation of a larger output if the larger output be there. 
Similarly, providing improved traffic facilities for a railroad will 
not supply the traffic, but such provision will meet increased traffic 
demands. And all may rest assured that the demands will always 
precede the extension in capacity. In short, the science of train 
control solves weighty traffic problems. Where there is no prob- 
lem obviously there is no solution required. 

Unfortunately, the significance of the problems themselves, 
quite apart from their solution, is not appreciated by many who 
are directly concerned withthem. There are evil results attendant 
upon the use of the single-shoe-per-wheel type of foundation brake 
gear; the use of air brake devices in service far beyond their de- 
signed capacity; the operation of trains with effective braking 
ratios widely varying from one portion of the train to another, due 
to leakage, lack of uniform piston travel, car loading, etc.—upon 
all of these and many other malpractices. 

The extent of the evil results herein arising is beyond the ken 
of only too many whose interest it is to know of this indirect tax— 
this improperly invisible drain on the economic wealth of our 
transportation systems and, therefore, finally, on the common- 


wealth. 
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In other instances these results are accepted by many railroad 
managers as a matter of course; as necessary evils indissolubly 
associated with the operation of trains, and to be paid for as 
unavoidable elements of the cost of transportation. 

The purpose of this paper has been to review the factors in- 
volved in railroad capacity and to show that train control can be 
made the most effective and profitable of all (in fact, it is so now) ; 
still, there is as much to be gained in this direction as has already 
been done. Some say we are getting along all right with what 
we have, and this may be granted, particularly as regards safe 
operation, but safety is now being had largely at the expense of 
economy and capacity. Is this wise? Is the investor satisfied? 
I think not when I see such efforts as are being made to increase 
capacity by “ bigger power,” greater capacity cars, etc.—the larger 
factor being neglected for the smaller. 

What we now use generally is good, but what only a few are 
using is better, as they have proved. All the factors should 
advance at an equal pace if a rounded-out return is to be had. 
It is not the intent to condemn the old train control systems any 
more than progress in any direction may be considered condemna- 
tory of that which has served its time and has been the pioneer of 
a better thing. 

Wherever increase in capacity of a road is the desideratum 
it will pay to give the train control factor the most intelligent con- 
sideration. In other words, I intend only to set this up as a 
business proposition to be considered according to strict business 
principles. 

It is high time that due study and thereby due appreciation be 
given to the underlying and, it is true, intricately interrelated 
causes for operating troubles, because their removal establishes an 
economic gain of a dual nature: First, the elimination of expense 
directly due to these troubles, such as damaged lading and equip- 
ment, delays, etc.; and, second, the extension in traffic capacity 
permitted without a corresponding increase in operating expense. 

The adoption of adequate train control equipment will do more 
than any other means possible to remove operating troubles, and, 
with existing right-of-way facilities, to provide for the extension 
in traffic capacity which will make possible the realization of the 
utmost efficiency in that most wonderful of our industries, trans- 
portation by rail. 
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How a Large Manufacturing Company Disposes of Its Old 
Metal. J. M. Bateman. (Proceedings of the American Institute 
of Metals, September 11-15, 1916.)—One unaccustomed to the hand- 
ling of raw material in large quantities little realizes the amount 
of work entailed in trying to dispose economically of the immense 
amount of waste incident to the carrying on of manufacture in a 
factory so large as the Hawthorn Works of the Western Electric 
Company. When, however, a monthly raw material input approxi- 
mating $1,500,000 in value is considered it is not difficult to con- 
ceive the amount of waste resulting from its use. A somewhat 
clearer idea of the amount of material involved may be obtained 
from the figures representing the approximate monthly averages of 
the large items of junk disposed of. Brass, 100 tons; copper, 180 
tons (125 tons from the cable, rubber and insulating shops) ; German 
silver, 17% tons; iron and steel 89 tons; solder skimmings, 4 tons; 
lead, 833 tons. All these materials are carefully separated, cleaned, 
and baled in the form in which they command the highest price. 


Experiment With Mercury Jet Interrupters. C. E. S. PHivvips. 
(Proceedings of the Physical Society of London, vol. xxvii, No. 4, 
August 15, 1916.)—-The experiments here recorded were under- 
taken in the attempt to ascertain the form of the mercury column 
issuing from a hole in the side of a rotating drum that is continuously 
supplied with mercury by centrifugal action. Incidentally a new 
form of interrupter is introduced in which the interior is visible 
through a window in the lid. The arrangement forms a suitable 
apparatus with various forms of orifices and metallic contact seg- 
ments, and an account is given of work in that direction. As it is 
important to insure the cleanliness of the mercury in interrupters of 
this type, the copper usually employed for the segments is replaced 
by tantalum which for many reasons is preferable. It is not 
‘wetted ” by mercury, it remains clean and bright indefinitely, and 
its high melting point renders it lasting. 

Experiments with various forms of orifices are described, and 
it is pointed out that the issuing stream is only slightly affected by 
this means. An explanation is given of the fact that a vertical slit 
orifice will not produce a ribbon of mercury, and no matter how 
much the diameter of the orifice is increased beyond about 2 mm., 
the cross section of the mercury column remains unaltered. A 
method is described, however, by which a much larger stream of 
mercury can be obtained from the rotating drum if necessary. 
Brief reference is made to experiments with various volatile liquids 
in suppressing the flare which occurs when the mercury columns 
leave the contact segments. The three well-known substances 
which are most effective in this respect are coal gas, hydrogen, 
and ether. It is pointed out that experiments of this nature are 
necessary in view of the wide use now made of mercury interrupters 
in X-ray work. 


ADMINISTRATION: ITS PRINCIPLES AND THEIR 
APPLICATION.* 


BY 


WM. HEMPHILL BELL, 


Surgeon, United States Navy. 


INTRODUCTION. 


1. OccAsION seems to exist for an attempt to clarify and 
systematize our ideas in this direction and to reach some ac- 
ceptable conclusion as to the general nature of the fixed guides by 
which executive responsibility may most surely be discharged 
with success. We are living in an age which is making unprec- 
edented demand for administrative ability—a demand not met 
by the supply of natively endowed administrators. There are, 7 | 
of course, a large number of such—both men and women—and : | 
there are, on the other hand, a large number of individuals who 
by reason of temperament, character, and education,’ or what 
not, could never adequately fill an executive position, no matter 
how fully tutored to assume its responsibilities. But between 
these two extremes there is a much greater number of men and 
women than in either of the other classifications which, it is 
believed on the evidence of countless instances, represents latent 
capacity and is susceptible of easy development from the poten- 
tial to the utilizable kinetic. It is this latter group which is espe- 
cially addressed, although the born administrator will not suffer if 
by having his ability defined and placed in intelligible and con- i 
venient order. The number of those who should be vitally in- | 
terested may be closely approximated when we consider that the 

' 
' 


range of the applicability of administrative principles reaches 
from the household to national government itself, and that within 
a large administrative unit there are lesser units to be guided— 
first, in the interest of the institution’s efficiency, and then as 


* Communicated by the author and based on a paper read before the 
Summer Conference at the U. S. Naval War College, Newport, R. L, in 1913. i 

* Note.—The word “ education,” as here used, is not to be interpreted as : 
mere book knowledge, but is intended rather to convey the idea of that breadth 
of view and understanding and mental grasp which is not denied the unlettered. 
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preparation for the assumption by the individual of higher and 
higher administrative positions—for promotion, in short. Such 
is the genius of all democratic institutions that no one is denied 
the rewards of demonstrated ability to handle men and wring 
results from an organization. 

In the quest for information on the general subject of ad- 
ministration for purposes of study preliminary to its discussion 
it was a great disappointment to find that little was available. 
There were plenty of misleading titles in the indexes consulted, 
but the books and treatises under various captions involving the 
term ‘“ Administration” usually discussed “ Organization,” al- 
though in most there were here and there what may be charac- 
terized ‘‘ Administrative gems.’’ There is evidently considerable 
confusion as to the precise meaning and applicability of these 
terms, or, at least, an unsatisfactory differentiation between 
them. Iam not sure that, in the following discussion, I will not 
be guilty of the same confusion in my view of which I am disposed 
to accuse others; but, if that proves to be the case, it may be ex- 
plainable as concerning those points on the border-line of the 
subject where they blend almost imperceptibly into equally border- 
line points of organization. In any event, the writer’s efforts 
will be gratifyingly rewarded if his readers are stimulated to 
think along the lines indicated, to test the truth and applicability 
of the enunciated principles, and, in the case of the proved ad- 
ministrator, to judge whether or not his success is in large meas- 
ure attributable to an unconscious application of the enunciated 
principles. 

As intimated above, the question of “ Administration ” is in- 
extricably intertwined with that of ‘“ Organization,” for nothing 
that is not organized can be administered, and nothing can be 
permanently organized that is not susceptible of administration. 
Yet the terms are not interchangeable and should not be con- 
fused, as they seem generally to be, if many articles on these 
subjects are any criterion. In spite of this interrelation, they are 
terms distinguishing distinct things and should be so separated in 
discussion. 

Nothing conduces to this end so much as to define one’s 
premises, and it seems well, therefore, at the outset to express my 
understanding of the key-words as a basis for what is to follow 
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DEFINITIONS OF KEY-WORDS. 


2. The term “ Administration,” as comprehended in the sub- 
ject of this paper and by which discussion will be guided, may be 
defined as: “‘ The act (or acts) of administering; direction; 
management; government of public affairs; the conduct of any 
office or employment ” (Century Dictionary ). 

While the term “ Administration” is defined as above, nar- 
rowly, it always carries with it the idea of accomplishing its 
ends through the mediation of agents of various degrees and 
numbers, according to the kind and size of the organization, in 
behalf of the central figure—the integrating factor—the co- 
ordinating unit, who in turn represents the public directly. 

“ The administration of government, in its largest sense, com- 
prehends all the operations of the body politic, whether legis- 
lative, executive, or judiciary; but in its most usual, and perhaps 
in its most precise, signification it is limited to executive details 
and falls peculiarly within the province of the executive depart- 
ment ” (Hamilton, Federalist, No. 72). 

“Sometimes (however) the term ‘ Executive,’ which strictly 
means an authority which puts the laws in force, is opposed to 
the term * Administration,’ which (as above stated) implies the 
performance of every other sort of immediate government act 

” (S. Amos, “ Science of Politics,” p. 99). It is this 
latter meaning which is accepted for present purposes. 

“ Organization ”’ is the act of arrangement or an arrange- 
maelie of related interdependent enterprises into a group with such 
system as will enable, and make it possible to compel, each to co- 
operate harmoniously with the others in the accomplishment of a 
common end. 

There are two processes by which organization is attained— 
organization by accretion, 7.e., from without, as the growing of 
separate things into one ; organization by differentiation, i.e., from 
within, as exemplified in the biological development of the human 
race from a single cell. In the creation, upbuilding, and mainte- 
nance of most institutions both of these processes are operative. 

Here we arrive at differentiation of the above terms by way of 
recapitulation. Organization is the substance; administration 
the form. Organization is the instrument; administration the 
method of employing it—the integrating, guiding, and energizing 
force. 
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4. Coming now to the term “ Principle,” I find it defined in the 
Century Dictionary as: “ That which is professed or accepted as 
a law of action or a rule of conduct; one of the fundamental 
doctrines or tenets of a system . . . .” Expressing it in 
another way, “ Principle is that on which something else depends ; 
and this both for an original law and for an original element” (Sir 
W. Hamilton, Reid, Note A, E. 5, Supplementing Dissertation), 
and thus we see that there are both regulative and constitutive 
principles. It is only by very careful observation that we are 
able to extricate precisely the general law which is the expression 
of the regulative principle, and yet it is the given task not only 
to do this but to apply it. 


DERIVATION AND HISTORY OF DEVELOPMENT. 


5. In the beginning, of which the pioneer period of the United 
States may be taken as a near example, each individual worked in 
his own interest and was all-sufficient unto himself for the neces- 
sities of life. There was no relation or interdependence between 
individuals except as the family came into existence and supplied 
the source from which the administrative idea was derived, the 
male parent assuming authority. 

Then came the stage in development which was marked by an 
accentuation of ability in one or another of the personal enter- 
prises supplying the’ needs of life, and this change was accompa- 
nied by barter. Pari passu with the extent to which it was pos- 
sible to make such personal arrangements, attention to the barter- 
able article subsided on the side of custom (patronage) in the 
interest of giving more time and energy to the production of a 
barterable commodity or the development of a barterable ability 
of its own. And so with the increase of population and the 
more complicated demands of existence specialization in the 
social body progressed until each art or undertaking was repre- 
sented by so many that competition supervened. 

Then came the union of forces to supply the growing demand 
—a banding together of units for complete production in them- 
selves without interdependence other than in certain obvious 
economies to be mutually realized, such as common workshop and 
business representative. 

Following this came the division of the task among the mem- 
bers of the group wherein each unit of work constituted a part of 
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the whole only, and thus the idea of specialization was renewed, 
the size of groups increased, organization became imperative, and 
administrative systems were required. But the underlying phil- 
osophy in the old system of specialization was laisser faire. Each 
individual was left with the responsibility for doing his particular 
job practically as he thought best, with little or no help from the 
management. ‘To-day a movement is on foot to bring the work- 
man—the individual—out of this isolation and teach him to per- 
form his part not only in such a way that it will dovetail with 
that of others but in accordance with the rules and laws of a 
science or art—Scientific Management. 

6. By way of recapitulation we may construct a verbal trip- 
tych: 

First, the individual, standing clear, sufficient unto all his 
simple needs, but beginning to develop a special ability. 

Second, the individual lost in a maze of associated effort to 
meet communal requirements. 

Third, the individual regaining his identity in training his 
abilities to the point of highest efficiency, while at the same time 
individual effort is being welded—not merely in associated, but 
interdependent and cooperative work. 

Now that the last of these pictures is on the screen, we will at 
all times in the extension of civilization have in our midst ex- 
amples of each one of these several successive steps in develop- 
ment. 

7. The impelling influences to changed conditions in perform- 
ing the world’s work and meeting the growing demands and 
economic problems were increased efficiency and more rigid 
economy—the minimizing of waste, which were only to be had 
by the amalgamation of similar but interdependent industries or 
enterprises into corporate bodies under one management, cal- 
culated to secure harmonious cooperation in the accomplishment 
of a given end. 

8. The principles of organization and administration have not 
been newly discovered; they have been rediscovered as in the 
history of so many unwritten fundamental laws governing the 
various relations in life. They were realized and given heed in 
the early Christian era and probably long before. Since then 
they have again and again exercised their influence and slipped 
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into disuse beneath the surface of the bubbling caldron, only to 
reappear and force themselves upon the struggling world. 

In only one type of organization have they held uninterrupted 
sway—the military—and from this civil institutions have fre- 
quently derived their inspiration when formulating systems of 
administration. 

The growth and effect of administrative machinery are at- 
tributed, therefore, to the enduring truth of 


THE EVOLVED BROAD PRINCIPLES OF ADMINISTRATION. 


g. ‘“ What deep joy fills the mind of the philosopher when, 
throughout apparently inextricable confusion, he can trace some 
great principle that governs all events, and that they all show 
forth” (Channing, “ Perfect Life,” p. 109). 

Successful administration is not found in “ the great personal 
or individual achievements of any one man standing alone and 
without the help of those around him.” It is found in that type 
of cooperation in which each member of an organization “ per- 
forms the function for which he is best suited (preserving his 
individuality and supreme in his particular function) 
and yet is controlled by and must work harmoniously with other 
men” (Taylor). Such harmony of action, however, is not a 
happening of chance or without basis. It is assignable to a 
certain philosophy which has been wrought out of old knowl- 
edge so collected, analyzed, grouped, and classified that it con- 
stitutes a science. It is due to a mechanism, which has gradu- 
ally evolved and each element of which is characterized a prin- 
ciple. Let us separate and examine the principles. 


THE PRIMARY OR CONSTITUTIVE PRINCIPLES. 


First.—A single mind in control from which the plan of action 
and the directing authority must emanate. 

Second.—Subdivision of delegated authority in conformity 
with the branches of the organization. 

Third.—The recognition of areas of discretion corresponding 
to subdivisions of authority, but within the range of loyalty to 
the end in view (mission). 

Fourth.—The determination of a mission and the promulga- 
tion of a general scheme or plan for its attainment. 

Fifth—The exercise of a system of inspection. 
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These are formulated in deference to the motives which study 
and experience show to influence men. It is true that laws formu- 
lated on such a basis owing to the fact that the very complex 
organism—the human being—is concerned, “are subject to a 
larger number of exceptions than is the case with laws relating 
to material things.”” And yet the above principles are sufficiently 
broad to give play to flexibility. Moreover, “ laws of this kind 
which apply to a large majority of men unquestionably exist, and 
when clearly defined are of great value as a guide in dealing with 
men.” 

10. A Single Controlling Authority and Subdivision of Dele- 
gated Authority.—The purpose of organization and administra- 
tion as shown under the history of the development of the idea 
was increased efficiency and greater economy, and this could only 
be attained by concentrating under the leadership and harmoniz- 
ing force of a directing centralized will. The provision for this 
office is the predominating feature of all modern organization, 
and the administrative principle it represents is given place 
throughout the lower reaches of every organization. Each divi- 
sion and subdivision has its head, and descent of authority and 
ascent of appeal pass through the subordinate heads of each step 
in the organization from or to the highest executive authority 
in the institution, although the head of each division or branch 
exercises authority over the subordinates in his branch of the 
establishment to whom he entrusts the execution in detail of the 
separate task, in the general plans, assigned him. He also assumes 
responsibility for discipline and results within the field of his 
supervision, exacting obedience on the one hand and guiding the 
activity of his immediate subordinates in such wise as will con- 
tribute most surely to the realization of the object decided upon 
in accordance with the plan formulated and transmitted to his 
subordinates by the executive chief, which in turn is dictated by 
the policy adopted by the management in its deliberations. 

11. The object underlying this principle of administration is 
coordination, and its mainstay is discipline. Having subjugated 
the spirit of subordinates to the influence of the guiding intelli- 
gence, it remains to impose a common mission and advise as to 
the plan for reaching the objective. In fulfilling the conditions 
of this latter requirement where many divisions and subdivisions 
of work are to be codrdinated it may be necessary to go into con- 
Vor. 182, No. 1091—46 
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siderable detail concerning the various tasks to be accomplished, 
even to the last link in the chain of administrative consequence. 
But in the distribution of tasks of progressively decreasing im- 
portance a double precaution must be exercised that each subordi- 
nate in the system of organization is not charged with greater re- 
sponsibility than he can efficiently supervise—nor yet a task 
smaller than his capabilities. The one error of judgment defeats 
efficiency ; the other defeats economy. 

When professional capabilities and professional character are 
at fault in a subordinate, or if for any cause inadequacy to a 
reasonable standard of productivity develops and results fall 
short of expectations or needs, there are but two ways out of the 
situation, depending upon the nature and degree of the shortcom- 
ings: not by the meddling of a superior in duties which belong 
to another, but by instruction or by elimination of the inadequate 
individual and the substitution of one more capable—instruction 
where removal is impossible or there is hope of developing eff- 
ciency, “ but for downright incapacity ” wilful refractoriness and 
conscious disloyalty “ there is only one remedy, and that is 
removal from office.” In this connection, where it is merely a 
question of incompetency, the conception of a new division in the 
organization of an institution which is at once an employment 
office and clearing-house for personnel is based on the reasonable 
assumption that relatively few individuals are utterly useless; 
that every one has a particular niche in which he will work to the 
best advantage of himself and his employer; and that often an 
individual is wrongly placed on the occasion of his initial em- 
ployment. If an employee is inadequate in his first assignment 
it may be found that he will give superior service in a second or 
third position, and it is worth the trial in the interest of justice to 
the individual (that he be not condemned off-hand) and in the 
interest of industrial economy. The idea is a new one, but ex- 
perience with it justifies the belief that it is a practical instru- 
ment in the handling of men and is entitled to a permanent place 
in the industrial world. The “ Scientific Employment Plan ” was 
very interestingly presented some months ago by Burton J. 
Hendrick. 

12. Area of Discretion.—As seen, the scheme of organization 
provides for lesser leaders—heads of divisions and subdivisions. 
It is here that the opportunity for so-called areas of discretion is 
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found, and it is necessary, in the interest of efficiency and 
economy, that advantage be taken of that opportunity to give 
play to initiative, which can be a distinct asset. The theory of 
the necessary existence of areas of discretion lies in the fact that 
unforeseen conditions and problems incident and collateral to the 
business in hand are continually arising in each branch of the 
work and must be met and solved without avoidable recourse to 
the higher administrative head. It also lies in the fact that the 
methods to be adopted in accomplishing a given part of a common 
task should ordinarily be left as far as possible in the hands of 
the division head. There is sound reason for this on the side 
both of the superior and of the subordinate. 

In the case of superiors, while they may reserve the right to 
directly control as many details as they can efficiently handle, 
any undue interference in the field of responsibility assigned to 
subordinates absorbs their energies in illegitimate channels at the 
expense of their proper duties and thus jeopardizes the effective- 
ness of the general system. Such action upon the part of supe- 
riors constitutes confiscation of prerogatives and misappropria- 
tion of time and abilities and energy. 

In the case of subordinates the consciousness that they are 
being held responsible for results alone and that their hands are 
free to direct the activities of their respective branches accord- 
ing to their judgment and ingenuity engenders a healthful sense 
of their importance to the big end in view and inspires an interest 
and loyalty which are valuable assets of the institution. 

In the one case the central administrative hand is infinitely 
strengthened by confining himself to the conceded limits of his 
office. In the other case repeated interference from above 
dampens ardor and reduces service to pure perfunctoriness, if 
nothing worse. 

It is, of course, sometimes, in emergency, necessary to assume 
temporary control outside of the area of superior action which 
the administrator may have outlined for himself, but occasion for 
this should arise only in an emergency during the absence of the 
subordinate concerned or when the skill and reliability of a sub- 
ordinate are in question. 

Similar to the limitations of central administrative activity. 
the area of discretion of subordinates is also limited. It is limited 
to “ the right to do right as you (the subordinate may) please "— 
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the right to act and exercise judgment within the range of loyalty 
to the policy and mission and plans of the institution with which 
he is identified. 

13. A Common Object and General Scheme.—Here, in turn, 
and finally, we come to the thing for which organization and 
administration are brought into being and perfected—a common 
purpose or a common object; the something of mutual concern in 
the interest of which cooperation is demanded. Herein is found 
the force that binds superior and subordinate. The underlying 
basis of liberty of action in subordinate. positions is “ loyalty to 
the scheme, and this, of course, demands that there be a scheme 
to be loyal to,” and that the scheme be intelligibly communicated 
through all the ramifications of the organization. 

14. /nspection.—Inspection is a procedure upon which, as a 
stimulant, the continuous effective and guiding activity of the 
principles of administration in great part depend, and yet, as it 
is an important part of every administrative system, it will be 
discussed at this time and may itself be accounted a principle, as 
so much of success rests upon its proper exercise. It is one of 
the sources for the gratification of the ‘ honor-motive ”’ in esprit 
de corps, to be discussed later; it stimulates a persistent positive 
activity and defeats that otherwise progressive passive lapse from 
established standards of efficiency and economy; it maintains the 
objective of the administration clearly before the members of the 
organization; it constitutes a channel to publicity; it furnishes 
comparisons which inspire the manager to seek to improve methods 
and enable him to alter his standards of maximum and minimum 
performances, both for the individual and for the several branches 
of the organization; and it brings to bear on the administration a 
vision and understanding not dulled by the familiarity incident 
to daily contact with the subject or matter, but acute to defects and 
praiseworthy features alike and capable of discerning opportunity 
for improvement. 

15. The agencies of inspection are not limited to a formal 
office, and none should be neglected. “ It is not enough for the 
head of a system of administration to express his resolution in 
regard to a proposed action” (Rodgers, p. 17). In addition, the 
execution must be supervised to insure active fidelity to the plan, 
and in small institutions the principal himself will be able to fill 
the office unaided. He must, however, always be a party (albeit 
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an independent party) to the function of inspection, and in this 
fact is emphasized the prerequisite that the administrator should 
be familiar with the technical details of his organization. 

16. The condition of the relations between interdependent 
internal branches of the organization and between those and the 
interested public; the periodic conference of heads of divisions, 
together with the chief, and their daily reports to him concern- 
ing unusual or important matters or occurrences; the statistical 
comparative study of other similar administrations; and the use 
of publicity are other forms of inspection automatic in their 
assistance to the administration. But, valuable as those are in 
their limited scope, none of the foregoing contributions to the 
principle of inspection relieve the urgency of the demand in 
large institutions for the exercise of the function by an inspection 
office or staff which shall be independent of the strictly executive 
branch and beyond the control of its subordinate members, and 
through which the administrator may keep in touch with every 
branch of his responsibility. 


CONDITIONS UPON WHICH THE PRINCIPLES OF ADMINISTRATION DEPEND. 
THE SECONDARY OR SUPPORTING PRINCIPLES. 
17. “ The mechanism of management must not be mistaken 
for its essence or underlying philosophy. Precisely the same 
mechanism will in one case produce disastrous results and in 
another the most beneficent. The same mechanism which will 
produce the finest results when made to serve the underlying 
principles of scientific management will lead to failure and dis- 
aster if accompanied by the wrong spirit in those who are using 
it” (Taylor, p. 128). Though this truism was thus expressed 
by one of the foremost exponents of scientific management, it is 
in its very neglect to give adequate practical recognition of the 
fact that scientific management has failed. Many of those using 
it have displayed too single-minded an interest in material ends— 
have regarded men as mere machines, and have too often over- 
looked the human factor involved, which, “as in everything, is 
essential.’’ Applied psychology is a closed book to them and to 
most administrators. “‘ Unhappily, it is our habit not to study 
the psychology of the peoples with whom we have to deal, but to 
watch and react upon the shifts of circumstances” (E. J. Dillon, 
The Fortnightly Review, November, 1915). 
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The Spirit of the Administrator.—Laws, rules, and orders are 
important and unavoidable, but they should be limited to such as 
may be absolutely necessary without tying the hands of the 
governed too closely, and human nature must be taken into ac- 
count in their formulation. Too many rules produce confusion 
and invite disobedience, and, moreover, rules do not of themselves 
accomplish good administration. The character of the adminis- 
trator determines that. The personal element comes in here and 
is reflected in the administration. The administration is the 
gauge of discipline, and the degree of discipline is the expression 
of the quality of the personal element. The wish and tendency of 
the normal individual are to do right, and there is little fickleness 
about such a material thing as an organization. When affairs go 
wrong, therefore, it is very much more apt to be the administra- 
tion, not the organization, which needs improvement or correction. 

18. There are certain underlying conditions which emanate 
from the spirit of the man (administrator) upon which success- 
ful administration depends. ‘This is shown not only in his bear- 
ing toward his subordinates and the manner in which he approaches 
the functions of discipline and inspection, but the consistency 
which he observes in his personal conduct and administrative 
control of others. 

19. Forms of Ceremony.—The recipient of authority in any 
system of administration must not be left unaided in that 
authority. Reference is not here made to rules and regulations, 
which should only be employed as a last resort, but to moral force, 
which is expressed in the widely observed influence of one man 
over another, based on a conception of greater ability in one by 
the other—an unconscious intellectual assent to superiority, and 
which is preserved by certain forms of ceremony tending to exalt 
the prestige of the executive head—some, the outward show, well 
recognized ; the nature of others less appreciated. 

20. The former consists of artificial aids—the stringent pre- 
scription of forms of respect in military life, such as differences 
in uniform, the salute, and the guard of honor, and in civil life 
the etiquette and courtesies demanded of one (the effect of which 
is sometimes enhanced by little difficulties of access) in his inter- 
course with an official superior. These are not vain show. They 
are customs, the observance of which is obedience in spirit, and 
they conduce to discipline as conventional good manners ” 
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21. The other forms of ceremony which are conditions to the 
continued operation of the dormant administrative principles in- 
volve: qualities of temperament, such as patience and self-con- 
trol; qualities of mind, such as consistency, self-reliance, and a 
lively sense of justice; habits of conduct, such as dignity and re- 
serve of bearing, though not stripped of “ the amenities of cor- 
diality or the cultivation of good cheer” within proper limits; 
and the practice of keeping one’s own counsel to the extent at 
least that one’s deliberations, doubts, and official acts may not 
fall ‘‘ unnecessarily under the scrutiny of one’s subordinates.” It 
is given to few men to decide a question of moment correctly in 
off-hand fashion without some deliberation. Patience and de- 
cision are two very important qualifications of an administrator, 
but they must be carefully adjusted, for they are in a sense anti- 
thetic, and the former, if exaggerated, will produce the effect of 
weakness. There should be no appearance of seeking approval 
or of dependence upon the views of subordinates, although en- 
couraging them to express their opinions. The aim should be, 
rather, to lead them to seek advice and to regard the adminis- 
trator’s invitation to share his counsel as a privilege; to develop 
that mutual confidence—the feeling that they are all working for 
the same end and will share in the results—which should exist 
between a leader and his men. 

Every administrator of large institutions who does not come 
directly in contact with a majority proportion of the personnel, 
particularly the lower ranks, must be careful in what manner he 
indicates his disposition of kindliness toward them. It is to be 
presumed that he will at least deal with them along the line of 
plain justice. His personal and official acts at the beginning 
should demonstrate his intentions, and his consistency in that 
direction should be a matter of course. There should be no 
demagogic appeal for popularity by an offer to adjust all diffi- 
culties. The assurance is but “a flash in the pan” in the direc- 
tion of promoting contentment. The attempted execution of the 
promise breeds unrest and ultimately discontent—the very op- 
posite to what was intended. But this is not all. The offer is 
translatable into an invitation to insubordination, which, in the 
first accounting, brings trouble and difficulties in the path of those 
upon whom he depends for the efficiency of the subdivisions of 
the organization and, in the last accounting, brings trouble and 
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ignominy upon himself—if not because of the failure of his ad- 
ministration, then because he is brought face to face with the 
impossibility of redeeming his promise—because, sooner or later, 
he is discovered as unable to stand with his head straight and his 
hands clean by the test of his own estimate of a “ square deal.” 
In one grand stroke such a man announces himself a panacea for 
all ills—and little ills at that—which increases their number, 
when he might to more purpose leave some of these little ills for 
the subordinate leaders to straighten out and fare infinitely better 
in so doing. ‘“‘ You can fool some of the people all of the time 
and all of the people some of the time, but you can’t fool all of the 
people all of the time.”” To announce such a purpose as that of 
which I have been speaking may be justified in politics, but it is 
hardly far-seeing honesty or conducive to continued smooth 
running in an administration. 

22. These ceremonial elements and ceremonial “ don'ts ”’ in- 
dispensable to successful control of an organization represent the 
spirit and are inseparable from the practical form of the function. 
They may seem at variance with the prevalent spirit of democracy, 
but there is that within the human nature of everybody, no matter 
what his station in life, which is favorably excited by a certain 
degree of pomp and show, and when this is governed by tact and 
discrimination (without bombast) it may be exercised effectively 
within the bounds of toleration and well short of resentment by 
even the strongly socialistic. The differentiation of self need not 
be obtrusive, and, while preventing that fatal suspicion among 
subordinates that the leader is no better than they, it “* secures an 
ascendency which would not otherwise be procurable.”’ 

23. Discipline —The impersonal attitude of mind toward of- 
fenders in the exercise of disciplinary authority is extremely im- 
portant—not only as being the proper attitude, but as a means to 
easing discipline and robbing punitive measures of their unde- 
sirable sting. Most men who dance are willing to pay the fiddler 
when their attention is called to the debt, but in inflicting punish- 
ment it should be done with the idea of teaching a wholesome 
lesson and in such a way as to deny the victim any possibility of 
raising the thought that authority is arbitrary and tinged with 
animus or of engendering a lingering sense of resentment and an 
idea of persecution. Past offences cannot be corrected; future 
offences can be prevented. Punishments should be awarded 
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solely to minimize the recurrence or commission of the same or 
similar offences by the same or other individuals. ‘* Between the 
flourish of the ‘ Big Stick’ and the appeal to ‘ Sweet Reason- 
ableness’ lie ages of progress. At just what point the use of 
force yields to the plea of justice, as the more effective means of 
guiding human conduct, it may be impossible to determine. But 
that there is such a point in social evolution, and that we have 
long since passed it, must be evident to those who will carefully 
weigh the evidence of history” (The Public, vol. xvii, No. 825, 
P. 73): 

24. Regulations and Rules—The administrator’s relation to 
the established order, and rules and regulations necessary in any 
management of affairs, exhibits the rationale of the impersonal 
attitude of mind. He is not the government or the management 
(the board of governors or directors in a corporation). He is 
but the representative thereof—in such rules as he may promul- 
gate himself by virtue of authority vested in him, as well as in 
those placed in his hands as from higher authority. In the first 
case his rules are in behalf of the management as certainly as if 
prepared by the management itself. Such rules, as soon as estab- 
lished, become the rules of the management, whether specifically 
approved by it or not, and any infraction of them constitutes an 
offence against the government or management and not an offence 
against the person of the administrator. It is true that some 
offences are so flagrant that the emotion of anger is difficult to 
control, but anger has no place in the official relation of an ad- 
ministrator and his subordinates, and it had better be given op- 
portunity to subside before punishment is adjudged if justice is 
the aim. There is as much difference between forbidding certain 
acts and stimulating participation in right conduct as there is 
between a God who punishes sin and one who rewards virtue. 
In other words, “It is easier to maintain law and order where 
men look upon the law as a friendly guide than where they see in 
it only brute force.” 

25. The Spirit of Inspection—Among many individuals the 
duty of inspection seems to inspire in them a new and strange 
spirit—new in the sense that it is abnormal to the degree of being 
antagonistic to their native feelings for fellow-officials or co- 
workers ; strange in that they seem to be burdened with the neces- 
sity of unearthing some culpable error or omission, instead of 
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looking for evidences of efficiency and taking note of the features 
in which there seem opportunity for, or the possibility of, im- 
provement. ‘They seem to become possessed of the idea that the 
fulfilment of their task—the mark of their efficiency in the duty 
imposed—is unfavorable criticism. They make their office an 
unpleasant instead of a grateful duty—a thankless instead of 
a helpful duty—a source of irritation instead of an encourage- 
ment. It all depends upon the attitude of mind in which the 
duty is undertaken and the tasks approached—the interpretation 
of the purpose of the office, whether or not it is a successful in- 
spection and an element in fostering administrative cohesion and 
loyalty. Inthe one case it puts the head of an administration and 
all under him (in the field to be inspected) on the defensive and 
resistant in the direction of the inspector’s inquiry. In the other 
case it brings to the inspector’s assistance the coOperation of the 
inspected and an openness and frankness in all matters of con- 
cern to the inspector. Such a reception would be accorded be- 
cause of the hope of deriving the benefit of an eye fresh to the 
task of ferreting out defects overlooked by the too familiar eye 
of those who are constantly on the ground and, therefore, with- 
out perspective—because of the hope of eliciting approval or 
suggestions for improvement. It is the larger view which should 
be taken by the inspector, and he will then find himself in the 
best strategic position to carry out all the requirements—even the 
disagreeable, if so it be—of his office. 

26. Consistency in Policy and Executive Acts.—There can be 
no question of the importance of consistency—in policy and ex- 
ecutive acts—to successful administration. Efficiency to the ex- 
tent that it rests upon contentment and sound progress cannot be 
secured without consistency, for that idea reflects certainty of 
aim and brings mutual understanding, which are at the bottom of 
cooperation. It makes little difference what a given policy may 
involve: if consistently followed, progress and development are 
inevitable. It makes little difference how rigid the discipline 
how taut the requirements: if the discipline is consistent it will be 
a happy institution. Everything is run to-day as it was yester- 
day and will be to-morrow, and all hands know what to expect. 
At all times everybody knows what can and what cannot be done 


what is expected of him and what somebody else will do—and 
can adapt himself accordingly. 
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27. Esprit de Corps——Thus far the physical and intellectual 
and moral elements, the latter, so far as the principle is concerned, 
constituting and supporting administration, have been briefly dis- 
cussed. ‘There remains to be considered the collective moral ele- 
ment represented by the personalities of the subordinate members 
of the organization—the agency by which the administrative sys- 
tem is vitalized. The moral element exerts a most important in- 
fluence for weal or woe, but usually the former under normal 
conditions and when the natural spirit of men is not perverted by 
extraneous interference. It is esprit de corps, or, in psychology, 
a force known as “ motor-activity ’"—"* the self-organization of 
groups ’’—which lies at the bottom of this collective moral ele- 
ment. It is the primitive disposition commonly manifested among 
men in association—" the blest tie that binds ’—and has every- 
where developed a code of “ unwritten law and traditions more 
potent than statutes and regulations in welding into a consistent 
whole the somewhat incongruous elements ” that go to form any 
organization like a large industrial institution, or an army, or a 
navy, or a nation, for that matter. ‘It means a revival of the 
principle of coOperation as against the principle of competition ”’ 
—of unity of effort as against “ the disrupting tendencies of op- 
posing or selfish interests ’’—and is exhibited in the movement 
which is tending naturally towards integration, federation, and 
scientific management. 

It does not embrace trade unionism which is essentially arti- 
ficial—nor is it in any sense altruistic. Dr. Colin Scott argues, 
as abstracted by Ward,? that “the everyday experience of life 
shows that the efficiency of a man as a social animal or as a mem- 
ber of the community depends less upon his individual attain- 
ments than upon his power of adapting himself to his social 
environment.”’ Within well-recognized bounds the cult of in- 
dividualism is important as a stimulus to the fullest development 
of the best possibilities of one’s native characteristics and capa- 
bilities, but it loses its value and means worse than nothing if it 
goes too far and does not in the end make for a more intelligent 
and harmonious collectivism—if it becomes translated into license 
and fails in deference to that essential community force which 
tends to hold every one in some relation to others and makes one’s 

* Ward, “ The Psychological Bases of Esprit de Corps,” United Service 
Magazine, N.S., 40, p. 390. 
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every act of greater or less negative or positive consequence to 
one’s associates. 

28. Esprit de corps is engendered by two motives, subscrib- 
ing to the above observation—the desire to perform efficient ser- 
vice to one’s group, and the desire to receive appreciation. If, as 
has always been recognized, esprit de corps is an enormous power 
in the interest of efficiency, binding associated individuals closely 
to each other and to the organization, and if the desire to do and 
the “ honor-motive”” are the two great motor-activities leading 
to esprit de corps, then those two motives should be planted and 
stimulated in the microcosm of every organization as valuable 
aids to their effective administration. 

29. But when developed through the agency of these motives 
how is esprit de corps to be preserved? Even in this subtle com- 
modity the principle of reciprocity—the give-and-take of life—is 
operative. The benefit of esprit de corps is an unconscious con- 
tribution to the welfare of the organization at the hands of the 
organization’s collective membership, yet the “sympathy, en- 
thusiasm, devotion, and jealous regard for the honor of the body 
as a whole” which it implies must be paid for. This is best done 
with the strengthening sustenance (also subtle) of just and kindly, 
though in no sense philanthropic or patronizing, attention by the 
administrator to the spiritual and material interests of the indi- 
vidual members, lest esprit de corps become transmuted into the 
trade-union spirit. It must be nourished by a gratification of the 
underlying motives to its origin. It must be nourished by such a 
manifest personal concern for the health, contentment, and prog- 
ress of the men as will give ungrudging response to reasonable 
requirements in surroundings and conditions—as will offer a 
helping hand, should occasion require, and lead the individual to 
feel that he is an important part of the whole and a partner in its 
success. 

And it must be nourished by tangible benefits appearing to 
emanate, and actually emanating, directly from the increased eff- 
ciency. The matter of profit-sharing is not as popular as it 
should be from this point of view—nor, so far as is known, has 
it ever been properly applied or theoretically developed to its 
feasible perfection. It involves loss-sharing as an inseparable 
counterpart. The operation of one should imply the operation of 
the other, but through the influence of artificial forces economic 
benefit and penalty have not been equally distributed. Profit has 
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been largely on the side of capital; loss largely on the side of 
labor. This is the genesis of labor’s organization for protection 
and a preventable danger to esprit de corps. 

30. Publicity, as another condition upon which the continued 
activity of the principles of administration depend, ranges itself 
with esprit de corps. Esprit de corps is not devoid of the possi- 
bilities or, even, likelihood of fault, and it may operate against 
efficiency unless carefully watched. It is the dangerous disposi- 
tion it embodies, as a reflection of the perfectly proper adminis- 
trative protection of individuals, to view loyalty in too personal 
and narrow a manner and to shield the unworthy, which must be 
guarded against. The influence of publicity serves this purpose. 
Publicity of one sort or another helps to place the object of our 
loyalty in relief and give it perspective, so that false esprit de 
corps becomes discernible and the threatened injury to the cause, 
in which all must share, is made clear. 


THE ART OF APPLYING ADMINISTRATIVE PRINCIPLES. 


31. The fundamental principles of administration, although 
derived from military institutions, “ are applicable to all kinds of 


human activities, from our simplest individual acts to the work 
of our great corporations, which call for the most elaborate co- 
operation ’—even to all social activities. The theory of their 
application is based upon the idea of unquestioned authority on 
the one hand and willing subordination on the other, with hearty 
cooperation throughout. This theory is just beginning to be 
understood, while the function itself has been a gradual evolution 
over a long period of years. However, be this as it may, no 
administrator can afford to overlook the social democratic ten- 
dency of the times, which, grafted on the long-existing spirit con- 
sequent upon “the doctrine of the political equality of all men,” 
makes his task more delicate. He must be sensible of the real 
existence of this tendency as something to be reckoned with and 
adjust his methods accordingly. It is in this indirect way and to 
this extent only that cognizance can be given to the prevailing 
idea of social democracy in administrative operations, for its 
principles cannot be harmonized with the paramount principles 
of administration—the dominance of one directing power, with 
its counter-requirement, obedience. Autocracy in administration 
alone insures permanent efficiency—autocracy tinctured with an 
enduring sense of its many-sided obligation to others—not in- 
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toxicated with a consciousness of its power, and any refractory or 
unsympathetic spirit should be cut out summarily in its incipiency 
—not as a punitive act, denying the right of opinion to others, 
but as a preventive measure—a measure calculated to preserve 
harmony and insure coOperation—a measure in the interests of 
the unimpeded execution of the task. The idea of democracy may 
come into being and be properly conceded a place outside and 
above the administrative head—namely, in the authority which 
outlines the policy to be preserved and the objective toward which 
the whole organization directs its energies. 

32. “Only the man who himself knows how to obey, who 
has learnt from personal experience how grievous an inop- 
portune or superfluous order can be, and how inexpressibly hard 
it is, in such a case, to resist the impulse to revolt—only such a 
man will avoid blunders when he is himself in a position of com- 
mand” (Von Spohr).* The art of command is to elicit a 
cheery and willing obedience; not to compel a slavishly servile 
obedience. “It is the first alone which conduces to happiness 

, insures a firm, unshaken discipline, and inspires men. 

Se act as to rob obedience to an order of any semblance of servile 
submission, and this is best done by indoctrination. Orders must 
not be thinkingly or unwittingly used as a means to magnify one’s 
own importance, and when necessary they should be unobjection- 
able in both matter and manner. Moreover, no more orders than 
are absolutely essential should be issued, for unless heed to this 
injunction is given all independence, all initiative, and all love of 
responsibility, so valuable in subordinates, will be killed. 

33. Like the disposition to feel that nothing can go on without 
an order, any fondness for domineering must be checked, as this 
‘leads to tyranny and incites insubordination.” “ What is wrong 
must be reproved, but not severely, not sharply, not in the form 
of censure, and an equal readiness to praise must be shown.” 
‘ No man likes to be severely found fault with (particularly in 
the presence of others), but everybody is willing to accept in- 
struction and does better another time. The man. who has cause 
to fear fault-finding forswears initiative . . . and plays safe 
or keeps in the background.” 

34. With regard to order writing or written instruction, 
‘every superior that finds he has been misunderstood should first 


*Von Spohr, “ The Art of Command,” Journal of the Royal Service In- 
stitute, vol. 53, 1900, p. 56. 
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look for the fault in himself ” The superior may 
know well enough what he wishes to order, but the question is: 
Do his words adequately express the idea—does his order or in- 
structions—written or verbal—convey his intent clearly and con- 
cisely? No one can edit one’s own expressions even in moments 
of quiet and leisure, and much less so at times of stress and 
excitement. 


THE SUBORDINATES IN AN ADMINISTRATIVE FIELD. 


35. Those who have carried a dinner-pail and worked for 
day’s wages and also been employers of labor will tell you rightly 
that there is something to be said on both sides of this question of 
administration. The direction of obligation is by no means 
solely from above downwards. ‘The obligation of the subordi- 
nate is just as pressing, and recognition of it will spell personal 
success in almost direct proportion to its contribution to institu- 
tional efficiency—the obligation to be loyal to a trust, to act 
promptly, to concentrate his energy, to do the things given him to 
do no less well than he may. This paper cannot properly be 
closed without an attempt to urge upon the subordinate a sense of 
his responsibility in the game. He must be a dependable unit if 
he is to continue to play his part, but it is important to all con- 
cerned—himself included—that he be something more than just 
dependable. No one can honestly separate his own success and 
advancement from the success and advancement of his employer, 
but it is easy and proper for an institution determined upon prog- 
ress to separate itself from a slipshod, inattentive, indifferent, 
and half-hearted employee. Learn initiative, develop a capacity 
for independent action, and show a willingness and readiness to 
put your shoulder to the wheel for the benefit of all. Efficiency 
is not attained by accident. It is the offspring of imagination, 
interest, intelligence, industry, discipline, enthusiasm, and determi- 
nation. The three greatest of these are the first two and the 
last, if we assume intelligence. The others will follow. As for 
discipline, no individual can afford to shy at it and no institution, 
however democratic, can neglect it. Neither the individual nor 
the group can succeed without it. The word is popularly and 
erroneously supposed to mean the sacrifice of private judgment— 
of a conceived right to do as one pleases. What it really means 
is a full-grown will-power (one of man’s greatest, but most neg- 
lected, possessions ), self-control, and a fitness to live and work 
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among one’s kind, and it constitutes the basis of that team-work 
which accomplishes big results, in that it makes it possible for each 
individual to contribute his full quota to the general prosperity. 
There should be no inertia in a subordinate requiring the prompt- 
ing of his chief. This immediate superior should be convinced 
by action that assigned duties or tasks will be performed efficiently 
and expeditiously ; that he may look with confidence for results; 
and that, once an order is given, he may dismiss the matter from 
his mind in the interest of other constantly appearing, pressing 
problems, in the knowledge that the matters so intrusted will in 
due time be placed before him in completed form. 

The administrative head of a large establishment is too busy 
to have to bear in mind or keep before him the hundred-and-one 
matters under his jurisdiction connected with its operation. He 
has a right to expect his subordinates to exhibit a sense of re- 
sponsibility, and to relieve him of such a necessity, once he has 
given an order or expressed a desire and explained his purpose in 
either. Remember that the subordinate’s area of discretion is his 
right to do right as he pleases—his right to pursue his own 
methods so long as he is loyal to the aim of his superior and gives 
the results desired—* delivers the goods,”’ according to specifica- 
tion and in expeditious fashion. 

In conclusion it may be said that one’s bearing in relation to 
others and the attitude one assumes toward a given task will go 
far to determine success or failure. A determination to do the 
best one can will open up unexpected vistas of interest and inject 
an enthusiasm into a seemingly dull and prosaic field of duty. 

“The very fact that one is exercising his own ingenuity, 
searching for new avenues of usefulness, and giving some service 
from his powers to originate beyond the strict letter of the 
(requirements), gives birth to a subtly gratifying sense of con- 
tribution to that part of the public weal in which one’s lot is 
cast; to a feeling of partnership—even proprietorship—in the 
increasing efficiency of the . . . (establishment).” 

“If to do were as easy as to know what were good to do, 
chapels had been churches, and poor men’s cottages princes’ 
palaces.” These are words which Shakespeare put into Portia’s 
speech. But I am of opinion with Thomas C. Galbreath that “ to 
know what ‘ were good to do’ is not easy; it is far more difficult 
than doing it after one knows,” and I have, therefore, been en- 
couraged to present my observations. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 
REPORT OF THE BUREAU OF STANDARDS IN THE CASE OF 
ECONOMY FUSE AND MFG. CO. VS. UNDERWRITERS’ 
LABORATORIES, INC., CONCERNING THE FIRE AND ACCI- 
DENT HAZARD OF THE ECONOMY REFILLABLE FUSE.’ 


[ABSTRACT] 


THIs report represents the results of the investigation carried 
out by the Bureau of Standards acting as referee on the joint 
request of the Economy Fuse and Mfg. Co. and Underwriters’ 
Laboratories, Inc., on the question of the relative fire and accident 
hazard of Economy Refillable fuses and fuses at present listed as 
standard by Underwriters’ Laboratories, Inc. 

The joint appeal was made to the Bureau under date of 
May 17, 1915, and the question submitted for decision was as 
follows: 

“ Has it been shown that the use of the fuses manufactured by 
the Economy Fuse and Mfg. Co. results in no greater fire or 
accident hazard than the use of other cartridge enclosed fuses at 
present listed as standard by Underwriters’ Laboratories, Inc. ?” 

The evidence on which the finding of the Bureau was based 
includes a large number of tests of fuses under widely different 
conditions as well as inspections of numerous fuse installations 
in practice, personal interviews with many fuse users, evidence 
and arguments submitted by the Economy Fuse and Mfg. Co. and 
Underwriters’ Laboratories both at a public hearing and by corre- 
spondence, and evidence and arguments submitted by a number 
of manufacturers of fuses at present listed as standard by Under- 
writers’ Laboratories. 

During the course of the Bureau’s investigations it was shown 
that the Economy fuse when new and properly filled or refilled 
perates satisfactorily under the most common working con- 
ditions of overload and moderate short circuit, and it was also 
shown that this fuse possesses some marked advantages over the 
approved fuses with which it was compared. The Economy fuse 


* Communicated by the Director. 
* Technologic Paper No. 74. 
Voi. 182, No. 1091—47 


682 U. S. Bureau or STANDARDS NOTES. (J. F.1. 
is, however, distinctly inferior to most of the approved fuses 
under severe short circuit conditions. It has not yet been estab- 
lished that it will not introduce hazards peculiar to refillable 
fuses owing to deterioration from repeated blowing of the fuse 
elements in the same casing and possibly from long-continued 
subjection of the fuse to the working current. The approval of 
the present type of Economy fuse for unrestricted use would 
therefore result in a lowering of the standard of fuse perform- 
ance under severe test conditions and might introduce hazards 
in actual use the importance of which it is difficult to estimate 
at this time. 

The experience with the present type of Economy fuse is not 
yet sufficient to determine whether the total hazard is greater or 
less than it is with approved fuses as they are actually used in 
practice. The investigation, therefore, leads to the following 
finding : 

“ It has not been shown that the use of the fuses manufactured 
by the Economy Fuse and Mfg. Co. will result in no greater fire 
or accident hazard than the use of enclosed cartridge fuses at 
present listed as standard by the Underwriters’ Laboratories, Inc. 

“On the other hand, the evidence in the case does not show 
that the use of Economy fuses has on the whole resulted in any 
greater fire or accident hazard than is involved in the use of 
standard enclosed cartridge fuses, 

‘““ In comparison with fuses listed as standard by Underwriters’ 
Laboratories, the fuses at present manufactured by the Economy 
Fuse and Mfg. Co. have been shown to possess certain features 
which tend to increase the hazards involved in the use of fuses, 
and other features which tend to reduce such hazard. The rela- 
tive importance of these features can be determined only by 
extended experience under working conditions. 

“It is therefore recommended that Economy fuses be not 
approved at present for general use on the same basis as fuses at 
present listed as standard by Underwriters’ Laboratories, Inc., 
but that a continuation and extension of their use be permitted by 
municipal and underwriters’ inspection departments under con- 
ditions where their performance can be observed by each inspec- 
tion department until sufficient experience regarding their per- 
formance under service conditions can be obtained to justify an 
unqualified approval or refusal to approve.” 
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The evidence on which the finding has been reached is sum- 
marized and discussed in the report. ‘The report contains about 
350 printed pages including numerous tables and 110 oscil- 
lographic records, showing the performance of both Economy 
and approved fuses under various short circuit conditions. 


THE CONSTITUTION AND MICROSTRUCTURE OF 
PORCELAIN.* 


By A. A. Klein. 
[ABSTRACT | 

A PETROGRAPHIC microscopical study of porcelains prepared 
in the laboratory of the Bureau of Standards and of commercial 
porcelain, as well as of various combinations of the raw materials 
which enter into porcelain, has led to results which are interesting 
and important both scientifically and technically. 

Bodies and mixtures of the following types were examined: 
kaolin, feldspar-kaolin, feldspar-quartz and feldspar-clay-quartz. 
These were burned to various known temperatures. The com- 
mercial bodies investigated represented the practices of the fol- 
lowing countries : United States, England, Germany, France, Aus- 
tria, Denmark and Japan. The end in view was to obtain data 
concerning the change involved by burning porcelain at various 
temperatures, and it was found possible to correlate to a certain 
degree the constitution and microstructure with the burning tem- 
perature of bodies whose composition lay within the limits of 
whiteware and hard fired porcelains. 

The result of this investigation leads to the following con- 
clusions: Kaolin appears homogeneous microscopically when 
heated up to 1200°. At about this temperature a trace of dis- 
sociation occurs. As the temperature is raised above 1200° the 
dissociation increases very slowly at first, then at an increasing 
rate, until at 1400° it seems to be complete. The products of 
dissociation are silica and aluminum silicate. The latter com- 
pound has been identified as an amorphous phase of sillimanite 
from the following facts: It shows no crystalline form, has an 
index of refraction above 1.60, and by heating at a higher tem- 
perature (about 1450°) it inverts to minute needle crystallites 
corresponding to sillimanite in all determinable optical properties. 


* Technologic Paper No. 8o. 
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Up to 1340°, in mixtures of quartz and feldspar, the quartz 
dissolves to only a small extent in the feldspar glass. At 1460° 
the quartz is practically completely dissolved in specimens having 
as high a quartz content as 50 per cent. quartz to 50 per cent. 
feldspar. 

At 1340° in specimens containing kaolin and feldspar, the 
kaolin dissociates entirely. The amount of crystallized and 
amorphous sillimanite increases with an increased content of 
kaolin at least to a concentration of 50 per cent. kaolin to 50 per 
cent. feldspar. 

At 1460° apparently 1o per cent. kaolin is entirely soluble in 
the feldspar glass. With higher concentrations of kaolin the 
amount of crystallized sillimanite increases. The needle crystals 
are well developed and comparatively large. 

At 1310° in quartz-clay feldspar bodies, the feldspar is present 
as a glass; the clay shows almost complete dissociation with the 
formation of amorphous sillimanite mainly and but little crystal- 
lized sillimanite, while the quartz is undissolved and the grains 
may still be of considerable size, up to .2 mm. or more, depending 
upon the fineness of grinding. 

By burning these bodies at 1380°—1400°, the feldspar glass 
dissolves considerable quartz, there being only a comparatively 
small amount of quartz remaining. The quartz grains are much 
rounded and etched, and they seldom show a length over .o6 mm. 
The clay is dissociated with the formation of crystallized silli- 
manite, although an extremely small amount of amorphous 
sillimanite may be present. 

The changes involved by burning commercial bodies are identi- 
cal with those of laboratory-prepared bodies. Commercial ware 
ranges from a low-burned porous whiteware in which, except for 
the dehydration of the clay, only the feldspar is changed, to very 
high-fired porcelain which consists of glass, sillimanite crystallites 
and more or less of residual quartz. The quartz grains observed 
in the whiteware and in the low-fired vitreous ware are large and 
angular, showing a size of .2 mm. or more, whereas in the hard 
porcelains, due to solution, the quartz grains are rounded and 
etched, and seldom exceed .o5 mm. in length. 

The constitution and the microstructure of porcelain depend 
upon the temperature of burning, and change as this temperature 
changes. This has served as a basis for the estimation of the 
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probable burning temperatures of the commercial bodies, which 
was accomplished with success, the error involved being within 
25 degrees. It appears that the time of burning factor is by no 
means as important as that of the burning temperature in deter- 
mining the constitution and microstructure of the ware. 

No cristobalite or tridymite has been definitely observed in 
any of the laboratory or commercial bodies examined. It appears 
that the quartz dissolves in the feldspar glass more readily than 
it inverts to the other modifications of silica. 

In conclusion, it may be stated that the petrographic micro- 
scopic study of porcelain led to interesting and, it is to be hoped, 
important technical results. It has placed the chemical and physi- 
cal. processes involved in the formation of porcelain on a more 
quantitative thermal basis. Furthermore, it has offered a means 
of estimating the burning temperature of a ware from the exam- 
ination of a fragment much too small in size to be satisfactory 
for even a chemical analysis. 


THE FAILURE OF BRASS.—2. THE EFFECT OF CORROSION 
ON THE DUCTILITY AND STRENGTH OF BRASS.* 


By Paul D. Merica. 


[ ABSTRACT ] 


RESULTs of investigation made on a homogeneous, alpha brass, 
have shown that the electrolytic solution potential of this material 
is increased by the application of a tensile stress. This increase, 
as measured, amounts to approximately 0.1 millivolts for 10,000 


lbs./sq. in. of stress. 

Using this fact as a basis, an explanation can be given of the 
decrease of strength and ductility of brasses when corroded while 
under stress. Over a roughened surface of a bar under tensile 
stress, this stress will vary in value, being greatest at the bottom 
of furrows and depressions and least, almost zero indeed, at the 
tops of the ridges. The EMF will therefore, other things being 
equal, be greater ; i. e., more electropositive, at the bottom of these 
furrows than elsewhere; corrosion will set in here most rapidly 
forming a crack, which will grow narrower and sharper, its rate 
of growth being greater, the sharper it is. In time the cross- 


; *Technologic Paper No. 83. Complete copies of the paper may be obtained 
by application to the Bureau of Standards, Washington, D. C. 
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section of such a bar is so reduced by these cracks, that fracture 
occurs, the brass failing apparently at a stress value less than the 
ultimate strength, and exhibiting only light elongation (ductility ). 

This explanation is borne out by the examination of a number 
of brass failures, which have occurred under such conditions. 


THE FAILURE OF BRASS.—3. INITIAL STRESS PRODUCED 
BY THE“ BURNING-IN ” OF MANGANESE BRONZE.* 
By Paul D. Merica and C. P. Karr. 
[aBsTRACT] 

InN connection with the failure by cracking of a number of 
manganese bronze valve castings in the Catskill Aqueduct, at or 
near areas repaired by “ burning-in,” an investigation has been 
made of the initial stress produced in a manganese bronze double 
bar casting, by the burning-in of a constrained portion. ‘The 
stresses measured were in each case about 8000 to 10,000 Ibs. / 
sq. in.; 1.e., the true elastic limit of the material, and the material 
within the burned-in area was of course in tension. The micro- 
structure of the portion, adjacent to the burned-in metal was not 
altered ; the burned-in metal was in all cases of finer grain than 
that of the casting. 

The conclusion is reached that, although distortion of a 
burned-in casting may partially relieve the initial stresses set up 
by this operation, such castings will in all probability, generally, 
contain local stresses of dangerous magnitude; t.e., near the elastic 
limit of the material, Castings, repaired in this manner, should 
then, either be thoroughly preheated or subsequently annealed in 
order to eliminate these stresses, which are responsible for later 
failure by cracking, as described above. 

THE DETERMINATION OF THE DEGREE OF UNIFORMITY 
OF BARS FOR MAGNETIC STANDARDS.* 
By Raymond L. Sanford. 
[ ABSTRACT ] 

MAGNETIC standard bars are used for the calibration of per- 
meameters and the comparison of methods of magnetic testing 
with a standard method. One requisite of a magnetic standard 


* Technologic Paper No. &4. A copy of this paper may be obtained by 
application to the Bureau of Standards, Washington, D. C. 
* Scientific Paper No. 295. 
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bar is that it shall be magnetically uniform along its length. If 
this condition is not met, errors may arise which cannot be calcu- 
lated or eliminated from the measurements, and which may be of 
considerable magnitude. 

The degree of magnetic uniformity of a bar may be determined 
from observations of the distribution of magnetic leakage along 
the length of a specimen when it is magnetized between the poles 
of a suitable electromagnet. The degree of uniformity is indi- 
cated by values of the rate of change of leakage along the length 
of the bar. Deviations of these values from a constant indicate 
the presence of non-uniformities. An increase in the value indi- 
cates a magnetically hard spot while a decrease indicates a soft ug 
spot. The degree of uniformity can be indicated by means of a 
curve plotted between values of the rate of change of leakage and 
displacement along the length of the bar. This curve is called a 
the uniformity curve and for a uniform bar is a straight line i 
parallel to the axis of displacement. i 

Errors in magnetic measurements due to non-uniformities 
depend upon the induction, the nature, location, magnitude and 
extent of the non-uniformities and upon the type of apparatus. 
For a given accuracy, no ordinate of the uniformity curve must 
deviate from the mean by more than a given amount. 

This method may be applied to the examination of magnetic 
materials for mechanical inhomogeneities and the detection of 


flaws. 


THERMOELECTRIC MEASUREMENT OF THE CRITICAL 
RANGES OF PURE IRON.* 


By George K. Burgess and H. Scott. 


[ ABSTRACT ] 


Tue methods hitherto employed for the determination of the 
thermoelectric properties of conducting materials possess the 
characteristic, which is particularly disadvantageous in the case 
of a substance such as iron, which has two critical ranges, in 
requiring a length of the material in question to have a tempera- 
ture distribution from the maximum to the lowest. There may 
then be ambiguity or superposition of thermoelectric effects. 


Scientific Paper No. 206. 


Voi. 182, No. 10o91—48 
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Using a length of pure iron wire (Fe=99.968) of some 
7 cm. length and 0.5 cm. diameter joined between the hot junc- 
tions of two Le Chatelier thermocouples within a furnace 60 cm. 
long, several series of accurate observations in vacuo of the 
thermoelectric power of the couple Iron-Platinum have been 
taken, at 2° intervals, over the temperature range 0 to 1000° C. 

The critical point A; is marked by a discontinuity of consider- 
able magnitude in the thermoelectric power vs. temperature curve 
at about 915° C. on heating and goo° C. on cooling. At A, there 
is a change in shape of the curve. The thermal effect at A, is 
superimposed upon the thermoelectric and manifests itself as a 
slight protuberance or dent at 768°. 

The following table gives the thermoelectric power (dE/dt) 
Peltier effect (TdE/dt) and Thomson effect (d*E/dt?) for 
iron-platinum from 0 to 1000° C.: 


Thermoelectric Power of Iron Against Platinum. 


Temperature Microvolts 
Centigrade per degree Peltier Effect Thomson Effect 

t dE/dt TdE/dt da?E/dt? 

Bot yack eta 19.5 5320 6.010 

Me Ori eee 18.1 6750 —.027 

200. . 15.4 7280 —.035 

SS 11.7 6700 —.033 

ee 9.5 6390 —.010 

500. . 9.1 7030 +.009 

| SR Rey 10.8 9430 +.026 

Ee a ccivexcs 13910 +.036 

i 18980 +.045 

MN io ecient 18.4 19740 +.014 

EE 22350 +.010 
Heating Cooling Heating Cooling Heating Cooling 
o00:... 6.7 17.5 23100 20510 000 —.400 
gI0O.... 19.4 10.8 22940 12770 -.050 -.040 
Q20.... 366 10.9 19800 13000 —.575 +.010 
e908... VES II.1 13710 13350 —.023 +.017 

WR Soke deo 12.6 16030 +.017 


These thermoelectric observations give further evidence of 
the distinct character of the critical points A, and A, delimiting 
the regions of alpha, beta, and gamma iron. 
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LIQUID MEASURING PUMPS.* 
By F. J. Schlink. 


[ ABSTRACT] 


THe importance of the measuring pump is principally due to 
the large quantities of gasoline sold as fuel for motor cars, by 
far the greater part of this commodity being sold through the 
various forms of measuring pumps. About 27 firms are engaged 
in the manufacture of the various measuring pumps and liquid 
dispensing systems. 

The principal advantages of this type of apparatus lie in its 
convenience in delivering gasoline directly to the tank of the auto- 
mobile, with a minimum of evaporation, spillage and fire hazard. 

The first and most common type of measuring pump is the 
piston pump, which is in principle the usual plunger pump with 
stops which act to define accurately the limits of the piston stroke, 
and consequently the volume generated by the piston on each cycle. 
Both single-acting and double-acting piston pumps are used for 
measuring purposes. In addition to the pumps with reciprocating 
pistons, pumps with rotating pistons are used, the application of 
these at the present time being more familiar in the so-called 
molasses pumps, which are especially adapted to the handling of 
viscous liquids. 

Most reciprocating and rotary piston pumps are provided with 
a counter or tally to indicate the number of strokes or cycles which 
have been completed. Such counters should be so designed and 
located that they will operate correctly, indicate unmistakably, be 
actuated only very near the conclusion of the stroke or cycle, and 
be plainly visible to and readable by both merchant and customer. 

In a second type of apparatus, the measurement is performed 
by passing the liquid through a meter, commonly of the nutating- 
piston type, the discharge of liquid through the meter being pro- 
duced either by displacement of the oil over water, by pneumatic 
pressure, or by mechanical pumping. With the type of meter now 
used, it is important that the rate of flow through the meter be 
maintained as nearly constant as possible, and the liquid stream 
must be kept free from solid particles and sediment, or the meter 
regularly and carefully cleaned. 

~ * Technologic Paper No. 81. Read at the Eleventh Annual Conference 
on Weights and Measures of the United States, May 23, 1916. 
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A third type of measuring system is founded upon the principle 
of overfilling a measuring chamber, supplying liquid until an 
excess is present over the nominal delivery, and then removing the 
excess by abstraction to a definite level. The liquid may be supplie:l 
to the measuring chamber by air pressure, by evacuating the 
chamber with a vacuum pump, or by direct mechanical pumping 
from the supply tank. The abstraction of the excess may be per- 
formed either by gravity through an overflow pipe, or by siphon- 
ing, the height of the liquid remaining being determined by the 
vertical height of the face of the orifice of such pipes above the 
bottom of the measuring chamber. In a modification of this 
type, the measurement is obtained by direct reading of the height 
of the liquid column on a graduated scale, at the beginning and 
end of the withdrawal of the liquid from a tank or cylinder. The 
cross-sectional area of such tanks must be limited in order that 
the volume value of the scale interval be not excessive. 

A portable apparatus is also in use, comprising a small storage 
tank and a measuring pump, the whole arrangement being adapted 
for moving to the place of filling most convenient to the purchaser. 
Such devices favor a higher precision than most stationary tanks 
in that the suction lift can be kept at a minimum, and the danger 
of vaporization and leakage below the piston is much reduced. 

In the testing and inspection of measuring pumps it is essential 
to determine whether the installation is free from inward leaks 
of air and outward leaks of gasoline. Leaks of either kind are 
fatal to accurate measurement, and any adjustment made before 
the correction of defects of this kind cannot be expected to be 
permanently effective. Much trouble of this nature can be pre- 
vented by following with scrupulous exactness the instructions of 
the manufacturers, which are provided to guide the owner in 
making the installation. 

The principal causes of short delivery of pumps of the piston 
type are leaking of foot valves, and formation of vapor or air 
space under the piston, resulting from excessive virtual suction 
lift or leaky piping, or piping containing traps tending toward the 
periodical retention of vapor. It appears that a total vertical 
suction lift greater than 7 feet may be excessive with the ordinary 
commercial (not “blended” or “casing-head”’) gasolines. 
‘ Casing-head ” or “ blended” gasoline should not be lifted any 
appreciable vertical distance on the suction side in those types of 
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pumps in which the piston and cylinder form the measuring ele- 
ment, on account of the vaporization difficulty already mentione I. 
Special installations, in which the pump is located at or near the 
level of the supply tank, should be employed for the last-mentioned 
grades of gasoline, 

Another source of error which should be guarded against in 
design and installation of piston measuring pumps is the inertia 
of the moving liquid column. 

The use of long filling-hoses, and of hoses so arranged that 
they cannot be readily drained, results in cases of short delivery 
to individual purchasers; this should be obviated by so relating 
the length of hose and the height of hose connections that the hose 
can always be readily drained to a definite level. A measuring 
pump should not be installed inside a building with the hose 
connection outside, unless so arranged that the manner of opera- 
tion of the pump is clearly visible to the purchaser. The writer 
also questions the advisability of permitting the use of a shut-off 
cock on the outer or delivery end of the hose, as its use may 
readily operate to prevent the regular drainage of the hose into 
the customer's tanks. 

It is recommended that the design of piston type measuring 
pumps should tend toward types which cannot be operated through 
less than full strokes without that incompleteness of the cycle being 
clearly indicated to the customer. This certainty of stroke com- 
pletion is readily obtainable in simple designs, which so far as 
the writer knows have not yet been offered for use. 

In order to prevent the short deliveries consequent upon oper- 
ating the piston pumps at less than full stroke, they might well 
carry a clearly legible placard or notice, reading “ This Pump to 
Deliver—Gal. for Each Full Stroke.” 

Pumps which provide for the return of undelivered liquid to 
the storage tank should be equipped with some manner of device 
which will prevent this return taking place at the same time that 
liquid is being delivered to the purchaser, as such diversion of a 
portion of the customer’s purchase constitutes an easy means to 
fraud. 

In testing pumps, the hose should be removed if this is feas- 
ible, and the test delivery made from the pipe outlet, unless a 
suitable can-filling outlet is provided. Test should be made with 
a standard measure of suitable capacity and of the conical type, 


2 RF TOM Dg ORE TAT ¢ 


692 U. S. BurEAu oF STANDARDS NOTES. (J. F.2. 


used in combination with a cylindrical graduate reading to cubic 
inches, or by a measure of special form, similar to that designed 
by Mr. Theo. Seraphin of Philadelphia, which comprises a zero 
graduation for the correct discharge, and additional graduations 
for deliveries in excess and efficiency, so arranged as to cover the 
normal range found in the field work. Two speeds at least, one 
faster and one slower than normal operation, should be used in the 
test in order to determine whether or not the action of the pump 
is substantially independent of the speed of operation. 

It is recommended that piston measuring pumps which have 
been standing unused for a considerable length of time be operated 
for one or two strokes to eliminate the first stroke short delivery 
which often occurs on account of valve leakage, vaporization, 
thermal contraction, etc. 

Proper sealing of the pump by the weights and measures official 
means not merely the attaching of a sticker or tag to the pump, 
but the actual sealing by wires and soft metal seals of all acces- 
sible portions of the pump upon which adjustments or alter- 
ations can be made which will affect the volume of the pump 
discharge. The manufacturers will be glad to furnish drawings 
and instructions relative to the points of adjustment on their own 
makes of pumps. The manufacturers should be required to 
provide all their pumps with suitable drilled holes or devices to 
facilitate this sealing by the weights and measures official. 

A careful, full and explicit record of the test should be made. 
The complete paper contains a form well adapted for this purpose, 
which owing to lack of space cannot be included here. 

Results of the tests in the field indicate that pumps in service 
show a decided tendency toward undermeasurement, this being due 
to the fact that nearly all of the defects of construction or installa- 
tion tend to produce errors in this one direction. These include: 
leaks of air and liquid, retention of liquid by the hose, vapor for- 
mation consequent upon excessive suction head, failure to com- 
plete the full stroke, and slippage of liquid past valves and piston. 

The Bureau will endeavor to maintain a full and up-to-date 
mailing list of manufacturers of measuring pumps, and will 
supply these names upon request. Particular inquiries on matters 
in this field, referred to the Bureau of Standards, will be given 
careful attention. 
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ON PHOTOELECTRIC PHOTOMETRY. 
By Jacob Kunz. 


In the present field of photoelectric investigations four princi- 
pal groups may be distinguished. The first group is concerned 
with the fundamental problem of the relation between the velocity 
of the electrons emitted and the frequency of light; the second 
with the relation between the intensity of light and the photoelec- 
tric current; the third with the normal and the selective effect; 
and the last with the influence of gases. The present investigation 
deals with the second problem. Several physicists have attacked 
this question with widely disagreeing results. Elster, Geitel and 
Richtmeyer found a linear relation between the two quantities; 
Griffith, Lenard and Ives on the other hand found non-linear 
relations; Ives especially found a large variety of curves. It was 
the purpose of the present investigation to find out the true relation 
and an explanation for the discrepancies among the previous 
results. 

The photoelectric cells used were of different types. The 
largest number investigated were of spherical shape as described 
in a recent number of the Physical Review. The anode was a 
circle across which there were wound fine platinum wires in order 
to create an approximately uniform field. The larger part of the 
sphere was covered with the sensitized alkali metals, sodium, 
potassium, and rubidium; only a small hole of about 8 mm. diame- 
ter was left free for the entrance of the light. The intensity of 
light was varied by moving the source to and from the cell, or 
by means of Nicol prisms, or by means of a rotating sector disk. 
The current was measured by means of a sensitive galvanometer 
or by means of a large constant resistance and the electrometer, 
by the accumulated charge or by the drift method. 

When the galvanometer was used the light intensities were 
rather high, and the result was without exception a curve con- 
cave toward the light intensity axis, but it was observed that the 
curve approached a straight line, when the intensity and the 
hole through which the beam of light entered the photoelectric cell 
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was decreased. With an opening of about 5 mm. practically 
straight lines were obtained. The same result was also obtained 
with the other three independent methods. In the majority of 
cases the highest point was about one or two per cent. above the 
straight line, a point which will be further investigated. The light 
intensity varied from 1 to 36. The results are indicated by the 


following two series of observations. I == intensity of light, i = 


photoelectric current. 


I I 

i I i i I i 
9.0 12.8 142 7.15 11.1 155 
34.0 48.8 141 15.9 25 157 
70.9 101.3 142 28.5 44.5 150 
106.5 151.5 142 63.0 100 157 
130.6 200 144 08.6 150.2 158 
186.6 268 144 128.2 204 159 
226.3 326 144 175.7 278 158 
251.8 300 144.1 212 331 157 
270.7 397 144.3 202.2 400 154 


As resistances were used a cadmium sulphate solution in a 
capillary tube about yoy normal, a graphite resistance as used by 
lves and a photoelectric resistance. The graphite resistance was 
not very reliable. According to its surface conditions one can 
obtain, with the same cell and with the same light intensities, 
curves of widely different character, concave, convex, and irregu- 
lar. But it is occasionally possible to have the resistance in a 
very good condition and then straight curves are obtained with 
the doubtful exception of the highest point. 

Other types of cells have been constructed which gave, how- 
ever, less satisfactory results. In one cell an approximately uni- 
form field was created between two plane parallel electrodes, the 
lower being made of alkali metal, the upper of silver wire netting. 
\ third parallel electrode was at the same time introduced in order 
to apply a counter field. Ives himself has claimed to obtain, with- 
out giving evidence, a straight line by means of a large spherical 
field: a cell constructed according to his prescription, gives ap- 
proximately a straight line, but not so distinctly as the small cells, 
described above. If light is applied to the cell without a potential 
difference, then the light interrupted and the field applied, there 
was found a considerable photoelectric current. 

Nela Park, Cleveland, Ohio. 


October 9, 1916. 
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THE EMISSIVE POWER OF TUNGSTEN FOR SHORT 
WAVE-LENGTHS. 


By E. O. Hulbert. 


In this investigation the variations in the emissive power of 
tungsten have been determined between 3200 A° and 5500 A~ for 
true temperatures, according to Worthing’s scale,’ from 
1746° K to 2785° K. Preliminary spectrograms of a tungsten 
strip through a quartz window at various temperatures showed 
an appreciable amount of radiation as far as 2900 A~. The 
light from the tungsten in a glass bulb was studied quantitatively 
by means of a grating spectograph with a sodium photo-electric 
cell and electrometer. The relation between the energy incident 
on the cell and the deflection of the electrometer was found to be 
a linear one for monochromatic radiation. The transmission of 
the glass, hot and cold, was determined ; the measurements were 
corrected for this effect and for the finite width of slits. 

The change in emissive power with wave-length was deter- 
mined by measurements on a black body at the melting point of 
paladium, 1822° K, and on the tungsten at a temperature 
2143° K. Conditions were the same in the two sets of measure- 
ments except as regards to slit widths. Because of this differ- 
ence and because of some scattered light which was later noticed 
in the spectra, the black-body calibration has been used only in 
determining the relative changes in the emissive power with 
wave-length. In the table the absolute values given depend on 
the value .470 for wave-length 4677 A° at 2143° K (from un- 
published measurements by Worthing). The emissive power is 
seen to increase with decrease in wave-length. 

Tae I. 


True Temperature 2143°K 
C. = 14460 deg. xu 


Wave-length Emissive Power 
of Tungsten 
3478 A° .470 
3717 .487 
3950 484 
4196 495 
4435 .466 
4077 470 
4916 .460 
5158 453 
5400 -447 
5641 .436 


‘A. G. Worthing, Jour. or Frank. INst., 181, p. 417, 1916. Phys. Rev., 
7, PD. 497, 1916. 
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‘The change in the emissive power with temperature was deter- 
mined by drawing the “ isochromes,” 7. ¢. the curves for a con- 
stant wave-length showing the relation between the logarithm of 
the energy emitted and the reciprocal of the temperature. The 
isochromes were found to be straight lines within the error of 
experiment. Calculations based on the determinations of the 
slopes of these lines showed that the emissive power increased as 
the temperature decreased for all the wave-lengths under investi- 
gation. The data further indicated that the rate of increase of 
emissive power with decrease of temperature became greater as 
the wave-length became shorter. 


Nela Park, Cleveland, Ohio, 


October 3, 1916. 


Fixing a Photographic Plate Before Development. ANoN. 
(Revue Generale des Sciences, vol. 27, Nos. 15-16, August 15-30, 
i916.)—At first sight it may appear absurd to think of fixing a 
photographic plate before the latent image has been developed, be- 
cause fixing consists in dissolving the reduced bromide of silver. 
When an exposed sensitive plate is treated with hyposulphite of 
soda the opaline coating becomes completely transparent; not the 
least trace of an image is discernible, and the gelatine appears to 
contain nothing that can be disclosed by photochemical action. 
Nevertheless, paradoxical as it appears, this method is not only 
theoretically possible but has also several practical applications. If 
it were not limited to plates greatly over-exposed (six to eight 
times normal exposure), it would solve, better than any other 
process, the problem of development in open light. 

The plate, protected from actinic light, is first immersed in a 
2 per cent. solution of hyposulphite of soda. This bath dissolves 
the bromide of silver much more slowly than the usual fixing bath 
of 20 to 25 per cent. strength, but the latter has the disadvantage of 
destroying the delicate half-tones. Dissolution requires about 30 
to 40 minutes, according to the thickness and hardness of the 
gelatine. The plate can then be developed in full daylight. If de- 
sired, the plate may be washed and dried and laid aside for future 
development. The image is disclosed by physical development, that 
is to say, by bringing a reducing agent and a soluble salt of silver in 
contact with the exposed film. The developer will contain, for in- 
stance, pyrogallol and nitrate of silver. The pyrogallol decomposes 
the nitrate of silver, and the silver so precipitated is deposited upon 
those points of the sensitive coating which have been exposed to the 
light and in quantities proportional to the exposure. The exposed 
points constitute in fact so many centres of attraction for the deposit 
of silver which are progressively reinforced. 


NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


THE MEASUREMENT OF THE ABSOLUTE VISCOSITY OF 
VERY VISCOUS MEDIA.’ 


By S. E. Sheppard. 


[ABSTRACT] 


\\ Ie the fall of a denser body through a liquid is frequently 
used by industrial chemists as a measure of viscosity, the values 
obtained are usually taken as fixed empirical standards, neither 
absolute nor relative viscosity coefficients being derived. It is 
pointed out that Stokes’ equation for falling bodies enables these 
to be determined from readily measured quantities, the equation 
being expressed in the form: 

K = 2/9 R*(S-S')2/U. 
where K> coefficient of viscosity. 
R=radius of sphere. 
S= density of sphere. 
S'= density of liquid. 
’=terminal velocity of fall. 

An important condition is the ratio of the diameter of the ves- 
sel to that of the sphere. This ratio, say y, should be very large 
if the equation is to give correct results. In the paper of which 
this is an abstract details are given of an experimental investiga- 
tion dealing particularly with this factor. Steel ball bearings of 
4 in., 4 in., and \&% in., true to =, 02% were used, falling in a 
very viscous nitrocellulose solution. It is found that if T be the 
time of fall over a fixed interval L in the steady state when 
U iim. = L/T, when the values of T diminish steadily as the ratio 
y increases, approaching a constant limit for very great values of 
y. An empirical equation is obtained for the function T =f (y) 
of the form 

THT +C/-»8 
where T, is the true time of fall for y= o and C is a constant for 
the experimental conditions: The correspondence of the calcu- 


*Communicated by the Director. 
*Communication No. 40 from the Research Laboratory of the Eastman 
Kodak Company. 
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lated values with the experimental data is exhibited in curves. 
The expression is compared with one obtained from theoretical 
considerations by R. Ladenburg (Ann. Phys. 23, 287, 447, 1907) 
which gives somewhat lower values for the viscosity, but is only 
valid on one side of the range. The expressions for Stokes’ law 
in the case of cylindrical vessels, corrected for the influence of the 
wall, are: 

K = 2/9 R® (S-S’) T Laden! 

L 1 + 2.4/) 


= 2/9 R? eal 7 ; ‘ . 
K = [ (S-S’) T—C/(y-1)? {oheppard) 


THE ELECTROLYTIC DETERMINATION OF SILVER FROM 
CYANIDE SOLUTIONS.’ 


By A. S. McDaniel and L. Schneider. 


[ABSTRACT] 

THE electrolytic determination of silver from cyanide solu- 
tions as described in manuals on electro-analysis is subject to 
relatively large errors and therefore cannot be used in its present 
form for the assay of certain photographic raw materials and 
products where a good degree of accuracy is of prime importance. 
If it were not for these errors the method would be specially con- 
venient for this class of materials. 

The method has been carefully standardized and the different 
sources of error identified and their magnitude determined. The 
plus errors are due mainly to inclusions produced by colloids. The 
minus errors are due to cathodic corrosion and losses in washing. 
It has been shown that under certain conditions, especially with 
certain classes of material, the plus and minus errors almost | 
exactly balance, while under other conditions either the plus or 
the minus errors predominate. These facts account for the 
widely varying results obtained by the method in the hands of 
different analysts. A procedure is given for overcoming these 
errors. This results in a highly satisfactory method both as to 
accuracy and speed. The accuracy obtainable suggests that with 
certain further refinements the atomic weight ratios of the halo- 
gens and of nitrogen to silver could be determined by the analysis 
instead of the svnthesis of the appropriate silver salts. 


‘Communication No. 19 from the Research Laboratory of the Eastman 
Kodak Company. 


THE FRANKLIN INSTITUTE 


(Proceedings of the Stated Meeting held Wednesday, October 18, 1916.) 


HALL oF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 18, 1916. 


PRESIDENT Dr. WALTON CLARK in the Chair. 


Additions to membership since last report, 25. 

The fcllowing communication from the Board of Managers was pre- 
sented : 

“The Board of Managers at its regular meeting held September 13, 1916, 
confirmed the action of the Committee on Stocks and Finance in disposing 
of the property 1911 N. 18th Street, representing a portion of the investment 
of the Bloomfield H. Moore Memorial Library fund, and requests the Insti- 
tute to ratify and approve the action by passing the following resolution: 
‘At a regular meeting of The Franklin Institute held October 18, 1916, a 
quorum being present and voting, it was unanimously, Resolved, That the 
sale of premises 1911 North 18th Street, heretofore made to Gertrude Mieterer 
for the sum of $3000, be ratified and confirmed, and that the action of the 
President and Secretary in executing a deed for the said premises unto the 
said Gertrude Mieterer, be approved.’” The resolution was passed unani- 
mously. 

Mr. Charles E. Bonine, Chairman of the Committee on Science and the 
Arts, reported the condition of the work of the committee. The Chairman 
called attention to the appointment of a National Research Council by the 
National Academy of Sciences on the request of the President of the 
United States, and stated that the purpose of the Council was to bring 
about further co-operation between existing governmental, educational, indus- 
trial, and other research organizations, with the object of encouraging the 
investigation of natural phenomena and the increased use of scientific method 
in strengthening national defense. He requested the Institute to authorize 
the appointment by the President of the Institute of a special committee to 
aid the Council in any line of work it may conduct and in which it might 
desire the co-operation of the Institute, whereupon the following resolution 
was adopted: 

Resolved, That the President of the Institute be authorized to appoint a 
Committee of the Institute to co-operate with a similar Committee of the 
National Academy of Sciences for the further organization and encourage- 
ment of scientific research in the United States. 

Mr. Charles E. Bonine, Chairman of the Committee on Science and the 
Arts, then introduced Mr. Carl E. Akeley of New York City, to whom had 
been awarded the John Scott Legacy Medal and Premium by the City of 
Philadelphia, on the recommendation of The Franklin Institute, for his 
Cement Gun. This apparatus is used for applying cement mortar and stucco, 

699 


700 COMMITTEE ON SCIENCE AND THE ARTS. (J. Fe 1. 


the materia! being applied in the form of a spray upon the object to be coated. 

The President presented the medal and accompanying certificate to Mr. 
Akeley, who returned his thanks for the honor conferred upon him. 

Mr. Bonine was again recognized, and introduced Mr. John Van Nostrand 
Dorr of New York City, to whom had been awarded the John Scott Legacy 
Medal and Premium by the City of Philadelphia, on the recommendation of 
The Franklin Institute, for his Hydro-Metallurgical Apparatus, namely, the 
Dorr Thickener, the Dorr Agitator, and the Dorr Classifier, which have lately 
been used extensively in the cyanide industry. 

The President presented the medal and accompanying certificate to Mr. 
Dorr, who expressed his thanks for the recognition of his inventions. 

After the transaction of the above business, a joint meeting was held 
with the Philadelphia Section of the American Institute of Electrical 
Engineers, Mr. H. P. Liversidge presiding. 

Dr. Charles P. Steinmetz, Chief Consulting Engineer, General Electric 
Company, Schenectady, N. Y., addressed the meeting on “ Scientific Research 
in Relation to the Industries.” The speaker stated that as engineering is 
an applied science, the engineering industries naturally depend for their 
success upon the use of correct scientific principles and the application of 
newly discovered scientific facts. Since established research institutions 
were not able to furnish all the information desired for use in the industries, 
industrial establishments have recently gone into scientific research with 
vastly extended facilities, with the result that of late the largest number of 
scientific advances have been made in industrial research laboratories. In 
Germany it was first realized that the establishment of the industrial research 
laboratory was one of the most profitable investments which could be made 
by the large industries, but in the last few years American corporations 
have also fully awakened to a realization of this fact, and the research 
laboratories established in this country by industrial corporations are doing 
scientific work of the highest order in chemistry, physics and mechanics. 

Numerous illustrations of research methods, and of the value of the 
results of industrial research were given. 

After a brief discussion a unanimous vote of thanks was tendered the 
speaker and the meeting adjourned. 

R. B. Owens, 


Secreta ry 


COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of the Stated Meeting held IV ednesday, 
October 4, 1916.) 
Hatt oF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 4, 1916. 
Dr. Georce A. Hoaptey in the Chair. 


The following reports were presented for first reading: 
No. 2638.—Continuous Automatic Centrifugal. 
No. 2674.—Rubber Hysteresis Tester. This latter report was made 
advisory and adopted. 
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The following reports were presented for final action: 
No. 2675.—Sharples Super-centrifuge. Action deferred. 
No. 2676.—Composite Low Expansion Electric Lamp Leading-in 
Wires. Elliott Cresson Medal to Dr. Byron E. Eldred, of New 
York, N. Y., adopted. R. B. Owens, 
Secretary. 


SECTIONS. 

Mechanical and Engineering Section.—A meeting of the Section was held 
in the Hall of The Institute on Thursday, October 5, 1916, at 8 P.M. 

Mr. Charles Day occupied the Chair. 

W. J. Humphreys, C.E., Ph.D., Professor of Meteorological Physics, 
U. S. Weather Bureau, Washington, D. C., delivered a lecture entitled, “ The 
Atmosphere and Aviation.” Dr. Humphreys explained the relation of the 
circulation of the atmosphere to gravity, temperature contrast and earth 
rotation, and gave brief accounts of trade winds, monsoon winds, cyclones, 
anti-cyclones, etc. 

A practical method was shown for estimating the approximate direction 
and velocity of the wind, which may be expected at flying levels under any 
condition of the weather. 

Those phenomena of the atmosphere which the aviator knows as 
pockets ” or “ holes in the air’ were also discussed. 

Colonel George O. Squier, Ph.D., Aviation Section, U. S. Army, late 
Military Attache, American Embassy, London, England, War Department, 
Washington, D. C., delivered a lecture entitled, “Efficient Military Air 
Service.” Colonel Squier gave a very brief outline of the tentative plans thus 
far developed for producing the necessary matériel and the training of the 
personnel of the Army Air Service. 

After an interesting discussion by Mr. Frederick W. Barker, President of 
the Aeronautical Society of America, and other gentlemen, a vote of thanks 
was extended to Dr. Humphreys and Colonel Squier. 

Adjourned. T. R. Parrisy, 

Acting Secretary. 


air 


Section of Physics and Chemistry—A meeting of the Section was held in 
the Hall of The Institute on Thursday evening, October 12, at 8 o’clock, with 
Dr. George A. Hoadley in the Chair. The minutes of the previous meeting 
were read and approved. 

Louis Vessot King, A.M., ScD., F.R.S.C., Associate Professor of Physics 
in McGill University, Montreal, Canada, delivered a lecture “On the Acoustic 
Efficiency of Fog-signal Machinery.” The various forms of fog-signal ma- 
chinery, and the researches conducted with them, were reviewed in historical 
order. A description was given of the extensive research conducted by 
Dr. King at Father Point, Quebec, in September, 1913, in which a Northey 
“diaphone” or siren served as the source of sound, and a Webster “ pho- 
nometer ” served for the measurement of the intensity of the sound at dis- 
tances as great as 8 miles from its origin. The various conditions which 
influenced the efficiency of the diaphone were discussed. The lecture was 
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illustrated with lantern slides, and with the apparatus used in the research. 


After a discussion of the paper, a vote of thanks was extended to Dr. King, 


and the meeting adjourned. 


Mr. 


Dr. 


Mr. 
Mr. 


Dr. 


Mr. 


Mr. 
Mr. 


Mr. 


Dr. 


Mr. 


Mr. 


Mr. 


Mr. 


Mr. 


Mr. 
Mr. 


Mr. 
Mr. 
Mr. 


JoserH S. HEpBurRN, 
Secretary. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, October 11, 1916.) 
RESIDENT. 
Edward L. Clark, Engineer, Commercial Truck Company of America, 
27th and Brown Sts., Philadelphia, Pa. 
Thomas E. Eldridge, Physician, 1811 North Logan Square, Philadelphia, 
Pa. 
Robert E. Glendinning, Banker, 8862 North 32nd St., Philadelphia, Pa. 
C. Stuart Patterson, Banker, 1000 Walnut St., Philadelphia, Pa. 
Max J. Stern, Physician, 711 North Franklin St., Philadelphia, Pa. 
Robert L. Wood, Civil Engineer, Cruse-Kemp r Co., Ambler, Pa. 


NON-RESIDENT. 


James G. Detwiler, Chemist, The Texas Company, Port Arthur, Texas. 
Armin Elmendorf, Instructor in Mechanics, University of Wisconsin, and 
for mail, 311 North Murray St., Madison, Wis. 

W. E. Fletcher, Chemical Director, Atlas Powder Company, Wilmington, 
Del. 


Frederick W. Getman, Chemist, Hillside Laboratory, Stamford, Con- 
necticut. 
Zay Jeffries, Metallurgical Engineer, Department of Mining Engineering, 


Case School of Applied Science, Cleveland, Ohio. 
Paul M. Kuehn, Assistant Engineer, The Bartlett Hayward Company, 
Baltimore, Md. 
William J. McGurty, Chemist, The Bartlett Hayward Company, Balti- 
more, Md. 
Benjamin Estill Shackelford, Physicist, Westinghouse Lamp Company, 
Bloomfield, N. J. 

CHANGES OF ADDRESS. 


Richard L. Binder, 931 North 8th St., Philadelphia, Pa. 

Harold V. Coes, Hotel Westminster, Toronto, Ontario, Canada. 

R. Burdette Dale, Chief Mechanical Engineer, Erie City Iron Works, and 
for mail, 1150 Brown’s Ave., Erie, Pa. 

E. L. Gibbs, 502 King St., Jacksonville, Fla. 

William J. Hammer, Cor. Palmer and Ellison Aves., Bronxville, N. Y. 
Tinius Olsen, Aldine Hotel, roth and Chestnut Sts., Philadelphia, Pa. 


Prof. I. M. Rapp, 536 Boulevard, Norman, Okla. 
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Mr. Ernest Stutz, 922 Madison Ave., New York, N. Y. 

Mr. Clarke Thomson, Merion Station, Merion, Pa. 

Mr. William Chattin Wetherill, 307 West Springfield Ave., Chestnut Hill, 
Philadelphia, Pa. 

Mr. Otto C. Wolf, N. E. cor.31st and Jefferson Sts., Philadelphia, Pa. 

Mr. Howard Sellers Worrell, 36 E. Montgomery Ave., Ardmore, Pa. 


NECROLOGY. 


Mr. Mathias Pfatischer was born in Bavaria on September 4, 1858, and 
died at Roselle, N. J., September 10, 1916. He came to the United States in 
i882, and for twenty-seven years was Consulting Engineer for the Electro- 
Dynamic Company, at Bayonne, N. J. 

Mr. Pfatischer devised an electric stearing gear for battleships, and de- 
signed and installed the electrical equipment on the steamships St. Louis and 
St. Paul, including the ship’s telegraph and other novel features. Among his 
most important inventions is the Inter-pole Variable-Speed Motor, for which 
he was awarded the John Scott Medal by the City of Philadelphia in 1908, 
on the recommendation of The Franklin Institute. 

Mr. Pfatischer was a member of the leading electrical societies of this 
country. He became a member of The Franklin Institute in 1880. 

Mr. Thomas E. Baird, Villa Nova, Pa. 

Mr. Spencer Fullerton, 204 South 42nd St., Philadelphia, Pa. 

Dr. Herbert M. Howe, 1622 Locust St., Philadelphia, Pa. 

Mr. R. C. McKinney, Niles-Bement-Pond Co., 111 Broadway, New York, 
N.Y 

Mr. Charles A. Rutter, 411 Walnut St., Philadelphia, Pa. 


LIBRARY NOTES. 


PURCHASES. 
Brown, Frank C.—Letters and Lettering; A Treatise with 200 Examples. 
1914. 
Gittette, H. P.—Handbook of Cost Data for Contractors and Engineers. 
IQIoO. 


Kent, Wm.—Mechanical Engineers’ Pocket-book. oth edition. 1916. 

Kipper, F. C.—Architéc: and Builder's Pocket-book. 16th edition. 1916. 

Los ANGELES, Pustic Stavick CoMMISSIONERS.—Report on the Construction of 
the Los Angeles Aqueduct. 1916. 

McGoopwin, Henry.—Architectural Shades and Shadows. 1904. 

Marks, L. S. (editor).—Mechanical Engineers’ Handbook. 1916. 

Metior, J. W.—Higher Mathematics for Students of Chemistry and Physics. 
1913. 

Mvurpocu, JosepH.—Microscopical Determination of the Opaque Minerals. 
1916. 
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Poors’ Manual of Industrials. Vol. 7. 1916. 

RicHArpson, O. W.—Emission of Electricity from Hot Bodies. 1916. 
Ries, Hernricu.—Economic Geology. 1916. 

STEINMETZ, C. P.—Theoretical Elements of Electrical Engineering. 1916. 
U. S. Pharmacopeeia. gth edition. Washington, 1910. 

Ware, WM. R.—The American Vignola. Two parts. 1902 and 1906. 


GIFTS. 

American Institute of Mining Engineers, Transactions, vols. lii and lili, 1915- 
1916. New York City, 1916. (From the Institute.) 

American Iron and Steel Institute, Annual Statistical Report, 1915. New 
York, 1916. (From the Institute.) 

Boston Elevated Railway Company, Nineteenth Annual Report, 1916. Boston, 
1916. (From Robert D. Jenks, Esq.) 

Brooklyn Engineers’ Club, Proceedings, 1915. Brooklyn, N. Y., 1916. (From 
the Club.) 

Burch; Edward P., Telephone Rates in Detroit, An Investigation. Detroit, 
Michigan, 1916. (From the author.) 

Canada Department of Mines, Geological Survey, Memoir 83. Upper Ordo- 
vician Formations in Ontario and Quebec. Ottawa, 1916. (From the 
Department. ) 

Chicago and Northwestern Railway Company, Fifty-seventh Annual Report, 
1916. Chicago, 1916. (From the Company.) 

Chicago, Milwaukee and St. Paul Railway Company, Fifty-second Annual 
Report, 1916. Chicago, 1916. (From the Company.) 

Denver and Rio Grande Railroad Company, Thirtieth Annual Report, 1916. 
Denver, 1916. (From the Company.) 

Diamond Chain and Manufacturing Company, Catalogue, “ Diamond” Tooth 
Form for Roller Chain Sprockets, by L. M. Wainwright. Indianapolis, 
Indiana, 1916. (From the Company.) 

Fay, J. A., and Egan Company, Catalogue No. 98, Standard Woodworking 
Machinery. Cincinnati, Ohio, 1916. (From the Company.) 

Fitchburg Automatic Machine Works, Booklet, The Radical Automatic Screw 
Machine. Fitchburg, Mass., 1916. (From the Company.) 

Foote Brothers Gear and Machine Company, General Catalogue No. 12. 
Chicago, no date. (From the Company.) 

Hamilton, Canada, City Engineer, Annual Report, 1915. Hamilton, 1915. 
(From the City Engineer.) 

Hartford, Connecticut, Board of Health, Thirty-first Annual Report, 1915. 
Hartford, 1916. (From the Board.) 

Hendey Machine Company, Catalogue of Modern Engine Lathes. Torrington, 
Connecticut, no date. (From the Company.) 

Henry and Wright Manufacturing Company, Catalogue of Drilling Machines 
Hartford, Connecticut, no date. (From the Company.) 

Iowa Engineering Society, Proceedings of the Twenty-eighth Annual Meeting, 
1916. Iowa City, 1916. (From the Society.) 

Iron and Steel Institute, The Journal, vol. xciii, No. 1, 1916. London, 1916. 
(From the Institute.) 


1 RRR, 


ne enh eT TE ee 


Nov., 1916.] Liprary NOTES. 705 


K6éniglich Technische Hochschule, Programm, Studienjahr, 1914-1915. 
Hannover, 1914. (From the School.) 

Merchants’ Association of New York, Year Book, 1916. New York, 1910. 
(From the Association.) 

Minneapolis, St. Paul and Sault Ste. Marie Railway Company, Twenty-eighth 
Annual Report, 1916. Minneapolis, 1916. (From the Company.) 

Montclair, New Jersey, Board of Health, Twenty-first Report, 1915. Lansing, 
Michigan, 1915. (From the Board.) 

National Association of Cotton Manufacturers, Transactions No. 100. Boston, 
Mass., 1916. (From the Association.) 

New Britain, Connecticut, Board of Water Commissioners, Fifty-ninth Annual 
Report, 1916. New Britain, 1916. (From the Board.) 

New Orleans Board of Health, Biennial Report, 1914-1915. New Orleans, La., 
1916. (From the Board.) 

New South Wales Geological Survey, Mineral Resources, No. 23, The Coke 
Industry; and Annual Report, 1915. Sydney, 1916. (From the Depart- 
ment of Mines.) 

Newton, Massachusetts, Engineering Department, Annual Report of the City 
Engineer, 1916. Newton, 1916. (From the City Engineer.) 

New York, Ontario and Western Railway Company, Thirty-seventh Annual 
Report, 1916. New York, 1916. (From the Company.) 

New York Public Service Commission, Proceedings, vol. xi, July 1 to 
December 31, 1915, with Index. New York, no date. (From the Com- 
mission. ) 

New Zealand Government Statistician, The Municipal Handbook, 1915. Well- 
ington, 1916. (From the Government Statistician.) 

Pennsylvania Report of the Commission to Locate the Site of the Frontier 
Forts. Vols. i and ii. Second edition. Harrisburg, 1916. (From the 
State Librarian.) 

Queensland Under Secretary for Mines, Annual Report, 1915. Brisbane, 1916. 
(From the Mines Department.) 

Société de Physique et d'Histoire Naturelle, Compte Rendu des Seances, 
vol. xxxii, 1915. Geneva, Switzerland, 1916. (From the Society.) 

Somerville, Massachusetts, Street Commissioner, Annual Report, 1915. Somer- 
ville, 1916. (From the Street Commissioner. ) 

Southern Pacific Company, Thirty-second Annual Report, 1916. New York 
City, 1916. (From the Company.) 

St. Louis Water Commissioner, Annual Report, 1916. St. Louis, 1916. (From 
the Water Commissioner. ) 

U. S. Geological Survey, Professional Paper No. 91. The Lower Eocene 
Floras of Southeastern North America. Washington, 1916. (From the 
Survey.) 

U. S. Reclamation Service, Third, Seventh, Eighth, Ninth, Tenth, Twelfth, 
Thirteenth, and Fourteen Annual Reports, 1903-1915; with maps to accom- 
pany Third Annual Report. Washington, 1905-1915. (From the Service.) 

Virginia Geological Survey, Bulletin No. xii, The Coal Resources of the 
Clintwood and Bucu Quadrangles, Virginia. Charlottesville, University 
of Virginia, 1916. (From the Survey.) 


706 PUBLICATIONS RECEIVED. [J. F.1. 


PUBLICATIONS RECEIVED. 


Cours d'Hydraulique par J. Grialon, professeur a l'Ecole Centrale Lyon- 
naise. 549 pages. Illustrations. 8vo. Paris, Gauthier-Villars et Cié. 1916. 
Paper binding. Price, 20 francs. 

Fundamentals of Botany, by C. Stuart Gager, Director of the Brooklyn 
3otanic Garden. 640 pages, illustrations, 12mo. Philadelphia, P. Blakiston’s 
Son & Co., 1916. Limp cloth binding, price $1.50. 

Bases Theoriques de l Aéronautique. Aérodynamique. Cours professé a 
l'Ecole Impériale Technique de Moscou par N. Jonkowski, professeur a 
l'Université de Moscou. Traduit du Russe par S. Drzewiecki, Ingeniéur. 
230 pages, illustrations, 8vo. Paris, Gauthier-Villars et Cié. 1916. Paper 
binding, price, 11 francs. 

Notions Générales sur les Appareils a Réaction par Paul Popovatz. 35 
pages, 8vo. Paris, Gauthier-Villars et Cié, 1916. 

Providence (R. 1.) City Engineer. Annual Report for the Year 1915. 95 
pages, tables, plates, 8vo. Providence, City Printers, 1916. 

Michigan College of Mines, Year Book, 1915-1916, Announcement of 
Courses, IQ16-I917. 113 pages, maps, 12mo0. Houghton ( Mich.) College, 1916. 

Canada Department of Mines, Mines Branch. Researches on cobalt and 
cobalt alloys, conducted at Queens University, Kingston, Ontario. Part v 
Magnetic Properties of Cobalt and Fe:Co by Herbert T. Calmus, B.Sc., Ph.D., 
and K. B. Blake, B.Sc. 18 pages, plates, diagrams, 8vo. Ottawa, Government 
Printing Bureau, 1916. 

Technical Books of 1915. <A selection. Compiled by the Applied Science 
Department, Pratt Institute Free Library, Brooklyn, N. Y. 27 pages, 16mo. 
Brooklyn (N. Y.) Institute, 1916. 

LU’. S. Bureau of Mines. Bulletin 126. Abstracts of current decisions on 
mines and mining reported from January to April, 1916, by J. W. Thompson. 
90 pages, 8vo. Monthly statement of coal-mine fatalities in the United States, 
July, 1916. List of permissible explosives, lamps, and motors tested prior to 
August 31, 1916. Compiled by Albert H. Fay. 28 pages, 8vo. Rescue and 
recovery operations in mines after fires and explosions, by James W. Paul and 
H. M. Wolflin. 109 pages, 16mo. Technical Paper 86, Ore-sampling con- 
ditions in the West by T. R. Woodbridge. 96 pages, 8vo. Technical Paper 
102, Health conservation at steel mills, by J. A. Watkins. 36 pages, 8vo. 
Technica! paper 136, Safe practices at blast furnaces, a manual for foremen 
and men, by Frederick H. Willcox. 73 pages, illustrations, 8vo. Technical 
Paper 157, A method for measuring the viscosity of blast-furnace slag at high 
temperatures, by Alexander L. Feild, 29 pages, illustrations, plate, 8vo. Wash- 
ington, Government, 1916. 

Railway Regulation and Locomotor Ataxia. An address by Frank Turn- 
bull, Chairman, Railway Executives’ Advisory Committee before the twenty- 
third annual convention of the National Hay Association at Cedar Point, 
Ohio, July 12, 1916. 16 pages, 8vo. New York, 1916. 

lL’. S. Bureau of Standards. Scientific Paper No. 280. Further experiments 
on the volatilization of platinum. G. K. Burgess, Physicist, and R. G. 
Waltenberg, assistant physicist. 9 pages, diagrams, tables, 8vo. Washington, 
Government Printing Office, 1916. Price five cents. 


POR LEONA AE 


tac bia, 


Od a eT 


Shella athe 


ah ace 


ena Raley acid lant I 


iddeiateemenaiediet Oe 


CURRENT TOPICS. 


Origin of the Open-hearth Process. H.H. Campperr. (The 
lron Age, vol. 9, No. 9, August 31, 1916.)—It was in 1857 that Sie- 
mens invented the regenerative furnace, but not until 1861 did he 
take out a patent for what we now know as the open-hearth; and 
even then he did not see that a new problem had arisen and that his 
furnace had almost miraculously appeared just when it was needed, 
for the Bessemer process had just come into use and large quan- 
tities of steel scrap were being produced. Numerous attempts were 
made to “pile” and weld this scrap, just as always has been done 
with wrought iron, and schemes of this kind were quite common 
even in the early eighties; but the welding of Bessemer scrap at 
that time was out of the question, because practically all the out- 
put was rail steel, while a large proportion was too large to be 
made into any ordinary “bundle.” 

For a long time after the regenerative furnace had been in 
operation for heating purposes it was not realized that steel scrap 
could be melted on an open hearth, and large piles of crop ends 
and defective blooms accumulated without any practicable method 
in sight for their utilization. But in 1864 two brothers, named 
Martin, operated a furnace at Sireuil, in France, and worked out 
the method, which is so familiar to us to-day, of melting pig iron 
and scrap together. They obtained patents a year later, and for a 
long time it was the general custom to speak of the Siemens- Martin 
or, more briefly, the S. M. process; but to-day we commonly refer 
to it as the open-hearth. These patents for many years were the 
subject of litigation in this country, and it was not until after 1880 
that the decision was given against the patentees. Pierre Martin 
died at an advanced age, in an obscure French village where for 
many years he had lived in poverty. His last days were made 
comfortable by money raised by public subscription in Europe. 


Self-luminous Paint. W.S. ANpREws. (General Electric Re- 
view, vol. xix, No. g, September, 1916.)—Soon after the discovery 
of radium by the Curies, in 1898, certain phosphorescent mineral 
compounds were found to be so sensitive to the radio-activity of this 
element that they show luminescence when only brought near it, 
actual contact being unnecessary. A fine quality of zinc sulphide 
known as Sidot’s blende proved to be the most responsive. A next 
obvious step was to mix a very minute amount of radium salt with 
finely powdered zinc sulphide, combined with a suitable adhesive 
so that it might be used as a self-luminous paint. For a long time 
looked upon only as an interesting scientific curiosity, it has in 
recent years been applied in various useful ways to make small 
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objects, such as the hands of timepieces, electric switch buttons, 
etc., constantly visible in the dark. 

This radio-active, self-luminous paint must not be confounded 
with an article that has been on the market for many years under 
the name of “Balmain’s luminous paint,” which was invented by 
Professor Balmain, of the London University, about the year 1875. 
The base of the Balmain paint is a special preparation of phos- 
phorescent calcium sulphide, and it requires the excitation of a 
strong light to make it shine. It absorbs the luminous radiation, 
and thus emits it again as a soft, phosphorescent glow which grad- 
ually fades away, so that in the course of a few hours it ceases to 
be visible until again excited by phosphorescence. The self-lumi- 
nous, radio-active paint differs entirely from the above in containing 
within itself its own exciting power, so that it continues to shine in- 
definitely, even when kept in perpetual darkness. There is, however, 
a practical limit to the life of the radium salt and zinc sulphide 
mixture, but there is no difficulty in meeting the guarantee re- 
quired by the United States Government for army and navy pur- 
poses that it shall maintain undiminished luminosity for two years. 

It is well known that the phenomenon of radio-activity is not 
confined to radium. A product of thorium, known as radio-thorium, 
is intensely radio-active, but it has a much shorter life than radium. 
Meso-thorium, from which radio-thorium is evolved, is a by-product 
of the incandescent gas mantle industry, and, on account of its 
relative cheapness as compared with radium, it is now being used 
extensively, either by itself or combined with radium, in the pro- 
duction of self-luminous paints. The relative merits of radio-tho- 
rium paint and that energized entirely by radium are unsettled, but 
both compounds will probably find their appropriate applications. 


Problems of the Submarine. ANon. (The Times (London) 
Engineering Supplement. Vol. 12, No. 502, August 25, 1916.)— 
A difficulty in the development of the submarine is in the limitations 
of suitable machinery for propulsion. For surface speeds up to 
18 or 20 knots, it is impossible to use Diesel engines, but unfortu- 
nately these engines cannot be constructed to give large powers per 
cylinder with safety. One cylinder will develop too horse-power 
quite easily and even as much as 150, but beyond the latter value 
little has been done. Accordingly, to obtain a reasonably large power, 
a great number of cylinders is required, but here again, in order 
not to complicate arrangements unduly, not more than twelve 
cylinders are usually fitted to one shaft. With a three-shaft arrange- 
ment, therefore, 5,500 horse-power is the maximum possible. 
Speeds of 25 knots or more are, however, desirable in submarines 
if they are to take their place in a squadron, and for these much 
larger powers are necessary. As a solution to the problem, steam 
machinery for surface propulsion has been projected developing 
as much as 15,000 horse-power. With a steam installation, special 
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arrangements would be necessary to avoid delay in diving, when 
of course the steam power would not be available. The use of 
oil fuel would enable the fires to be extinguished by the turning 
of a cock, while water-tube boilers would hold very little steam, 
so that the quantity of heat taken down with the boat would be 
reduced to a minimum. But many drawbacks must be entailed with 
any steam installation; one of them being that the consumption 
of oil is three times as great as in an oil engine, so that the radius 
of action is much reduced, and a decided step would be taken if oil 
engines could be constructed to give higher powers. 

The electric drive still continues to be the only possible one 
for underwater use. It takes up much space and its weight is 
very large; about five times the corresponding figure for oil engines. 
On this account the submerged speeds of submarines have to be 
low. Further the capacity of the storage batteries limits operations 
submerged to relatively short runs. An escape of the battery fluid 
may have serious and even fatal results, and special precautions 
are taken to guard against such accidents. The Edison battery, 
though it does not save much in weight, is safer in use than the 
older type. 


The “Lumen” as a Basis of Comparison for Illuminants. 
L. Gaster. (The Illuminating Engineer (London), vol. ix, No. 7, 
July, 1916.) —During recent years the practice of basing comparisons 
of various types of lamps and illuminating engineering calculations 
on the conception of the flux of light has made great progress. The 
lumen, originally proposed by Professor Blondel at the International 
Electrical Congress at Geneva in 1896, has now become a much more 
familiar unit to lighting engineers. The general impression at that 
time was undoubtedly that the expression of illuminating power 
in terms of lumens is the more accurate and scientific method, but 
that the candle-power, being now a well-understood and familiar 
term, could not be readily displaced. While, therefore, scientific 
men are turning towards the use of the lumen for accurate compari- 
sons, in dealing with the general public an educational campaign 
must be undertaken in order to achieve the desired alteration 
gradually. 

As a substitute for such terms as “candle-power per square 
inch” and “equivalent foot-candles” for expressing brightness, 
the Illuminating Engineering Society in the United States suggests 
as a unit “lambert, which is the brightness of a surface emitting 
one lumen per square centimeter of radiating surface.” 


A New Method of Refrigeration. W.H. Easton. (Scientific 
American, vol. cxv, No. 11, September 2, 1916.)—The usual 
present practice in refrigeration is to employ an easily compressi- 
ble gas, such as ammonia, carbon dioxide, or sulphur dioxide, 
liquefy it under pressure, and after cooling allow it to vaporize 


710 CURRENT Topics. (J. F. 1. 


under reduced pressure. The heat from this vaporization is ab- 
sorbed from the surrounding medium, usually brine, and is used 
as the actual refrigerant. The newly developed system of refrigera- 
tion differs radically from this by using neither gas nor high 
pressure, but produces low temperatures solely through the evap- 
oration of water. This process is a reversion to the earliest known 
method of cooling water, that of placing it in a porous vessel 
exposed to a draught of air. Only one improvement is introduced in 
the new system; the water is evaporated in a partial vacuum in- 
stead of at atmospheric pressure, the rate of evaporation being 
thus considerably increased. At a pressure of 0.0886 pounds 
per square inch, water boils at 32 deg. Fahr. Much lower tem- 
peratures, however, are attainable with compression machines. 

A number of attempts have been made in the past to apply 
this well-known principle, but they have all failed through the 
want of a suitable air pump. The success of the new system 
rests on the employment of the centrifugal air pump invented 
several years ago by Maurice Leblanc. One of the obvious ad- 
vantages of this type of installation is in the elimination of a 
dangerous gas carried at high pressure. On shipboard, especially 
war ships, this point is of great importance. 


Coal Gas as a Motor Fuel. Anon. (Motor Traction, vol. xxiii, 
No. 601, September 6, 1916.)—In these times when every kind of 
substitute for petrol is being tested either for mixing purposes or 
as a whole fuel, it will be of interest to consider whether there are 
any commercial possibilities in the use of coal gas as a fuel for com- 
mercial vehicles. Mechanically, there is nothing to prevent the use 
of gas in internal combustion engines, as the alterations required 
would probably be only to the jet and the air supply, and the pro- 
vision of a gas control valve between the gas cylinders and the 
carburetter ; but commercially the increase of dead load which must 
reduce the carrying, and consequently, the earning, power of the 
vehicle, and a rise in such costs as tire charges, must be looked on 
as making the proposal unsound for the ordinary commercial vehicle. 
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